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Obtaining a measured volume of carbon granules is one of 
the first steps in testing transmitter carbon in the Trans- 
mission Instruments Engineering Department 
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An Improved Transmitter for Operators’ Use 


By A. F. BENNETT 
Transmission Instruments Engineering 


OME of the operators’ trans- 

mitters used in the past have 

already been described in the 
RecorpD.* To this group of progres- 
sive developments a transmitter of 
improved type has been added by the 
Laboratories. It differs considerably 
in construction from the earlier forms 
due to new features introduced as a 
result of development studies under- 
taken during the past few years. 
Among the advantages provided are 
a materially improved quality of re- 
production, and a slightly higher out- 
put level. Carbon noise has been 
practically eliminated, and the amount 
of room noise picked up by the trans- 
mitter has been noticeably reduced. 


LABORATORIES RECORD, January, 1929, 
p. 203. 


Variations in performance due to 
thermal effects have also been mini- 
mized, while the useful life of the 
transmitter has been increased, and its 
construction made more rugged. The 
appearance of the new transmitter is 
shown in the illustration at the head 
of this article. 

Every effort has been made in the 
design of the granular carbon ele- 
ment, which is built as a separate 
unit, to obtain good quality of repro- 
duction. The moving parts have been 
designed to respond to a broad range 
in frequency. This requires both that 
the mass of the moving parts and the 
stiffness of the vibrating system as a 
whole be kept low. These conditions 
have been met by making the dia- 
phragm of thin sheet aluminum, and 
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by supporting its periphery between 
paper rings in a recess in the front 
of the unit to obtain the required re- 
siliency. The dimensions are such that 
the rings occupy a space about fifty 
per cent greater than the combined 
thickness of the paper material. This 
combination provides a light, stiff 
moving structure capable of vibrat- 
ing as a piston. The paper rings act 
as low stiffness springs and add a cer- 
tain amount of damping. They are 
punched from stock only four ten- 
thousandths of an inch thick, and are 
impregnated to reduce the effect of 
moisture. 

Such a vibrating system differs radi- 
cally from those of the operators’ 
transmitters previously used, one of 
which is shown in the accompanying 
illustration. The effective mass of 
the moving parts of the new trans- 
mitter is approximately half a gram, 
as contrasted with five grams for the 
earlier transmitter. 

All granular carbon 
devices operate by the 
change in resistance of 
the carbon contacts 
which occurs when the 
movable member is 
displaced in accordance 


chamber of the new transmitter, 
which is of the “barrier”’ type. 

With the new chamber the elec- 
trodes are the inner surfaces of two 
gold-plated brass cylinders insulated 
from each other by a ring or barrier 
of ceramic material. The diaphragm 
itself serves as the movable front 
wall of the carbon chamber and its 
surface is insulated with phenol var- 


-nish so that it does not conduct cur- 


rent to the carbon. The movable sur- 
face thus merely changes the force 
on the carbon contacts and does not 
itself act as an electrode—an arrange- 
ment which has been found to im- 
prove the useful life of the transmit- 
ter. The back wall of the chamber 
is provided with a capped opening 
through which the chamber is filled 
with carbon. The entire microphone 
element is assembled in a brass shell 
somewhat larger than one inch in 
diameter. 
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sures acting on the dia- 
phragm. The form of 
carbon chamber used 
with previous oper- 
ators’ transmitters con- 
sists of an essentially 
cylindrical cavity with 
a flat conducting elec- 
trode at each end, one 
of which is stationary 
and the other mov- 
able. It has several 
distinct limitations not 
present in the carbon 
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Fig. 1—Cross section of the new transmitter (3964) 
showing the barrier construction, the moisture proof mem- 
brane, and other major structural details 
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Because the granular carbon con- 
tact is sensitive to forces acting on 
it, the expansion and contraction of 
the component parts of the chamber 
—produced by the temperature in- 
crease when power is dissipated in the 
carbon—influence it to a rather ex- 
ceptional degree. These thermal ef- 
fects cause relatively slow changes in 
resistance and sensitivity, which with 
many of the older types of instrument 
are erratic and a source of trouble. 
In operators’ service the transmitter 
is connected in the circuit for rela- 
tively long intervals of time and it is 
desirable that over most of this pe- 
riod the resistance should remain 
steady. In the new transmitter the 
expansion of the walls of the cham- 
ber causes a steady increase in resist- 
ance during the first few minutes in 
which temperature equilibrium is being 
established. Thereaf- 
ter, variations due to 
thermal effects are in- 
appreciable. The dia- 
phragm itself has little 
effect, because its tem- 
perature is fairly uni- 
form and it is free to 
expand radially with- 
out displacing the 


plied voltage is quite uniformly dis- 
tributed over the chain of granules 
between the electrodes, whereas with 
the earlier type the potential is likely 
to become concentrated at the vibrat- 
ing electrode because of its motion. 
The noise caused by excessive poten- 
tials has been practically eliminated 
in the new transmitter because of this 
inherent advantage of the barrier type 
of construction. 

An excessive potential is also likely 
to cause overheating of the minute 
contact areas of the carbon granules. 
If maintained on a transmitter for a 
considerable period of time, this in- 
jures the surface of the granules and 
raises its resistance—an effect that 
increases the carbon noise. Because 
of the more uniform distribution of 
potential among the granules of the 
barrier type transmitter these effects 
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When a potential 
in excess of about a 


volt is impressed on a 


granular carbon con- 
tact, under forces or- 
dinarily employed in 
transmitters, a “fry- 
ing’’ noise is apt to be 
introduced in the elec- 
trical output. The bar- 
rier type of chamber 
has an inherent advan- 
tage over the older 
form in that the ap- 
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Fig. 2—The greater mass of the moving parts of the older 
transmitter (234) is evident in this cross-section 
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Fig. 3—G. F. Schmidt filling one of the new trans- 

mitters with granular carbon. The machine vibrates 

the transmitter while it is being filled. This settles 

the carbon and leaves very little free space in the 

chamber so that movement of the carbon granules, 
and consequently aging, is reduced 


also are minimized. and the useful life 
of the transmitter is substantially 
lengthened. 

Should the chamber containing the 
granular carbon be subjected to me- 
chanical shock such as jarring or roll- 
ing, the surfaces of the granules re- 
ceive an abrasive treatment which 
alters their microphonic properties. 
Resistance is increased and sensitivity 
is usually lowered. Studies of the car- 
bon transmitter have shown that this 
tendency for the carbon to “age” with 
use is greatly reduced by filling the 
transmitter practically full of carbon 
instead of partially filling it as in the 
past. A machine process is employed 
which leaves very little free space in 
which the carbon may move when the 
transmitter is handled, and the abra- 
sive action is thereby reduced. 

For protection against moisture and 
against water condensed from the 
breath, a membrane of thin molded 
rubber is placed in front of the dia- 


phragm. The material em- 
ployed for this membrane was 
developed by the Chemical 
Laboratory and has a long 
life. Its periphery, which is 
attached to the front of the 
unit with a special adhesive, is 
thicker than the rest of the 
membrane and serves as a 
sealing gasket to prevent 
moisture from entering the 
housing of the transmitter. 
The introduction of this mem- 
brane does not materially 
affect the operation of the 
instrument. 

The unit is assembled in a 
housing of molded phenol 
plastic, and the electrical con- 
nections are made by springs, 
one of which is of helical form 
and holds the unit in position. 
The transmitter is equipped with a 
horn type mouthpiece which is secured 
by a quickly detachable mechanism. 
Dimensions of the transmitter, such 
as the distance between the breast- 
plate and the end of the horn, the 
angle of the horn opening, and the 
length of the neck band, are based on 
an analysis of measurements made on 
a large number of operators. The 
dimensions chosen, with the aid of - 
the adjustable features provided, will 
accommodate the maximum number 
of operators equally well. 

The small microphone element of 
this transmitter is capable of excel- 
lent sound reproduction. In fact, this 
portion of the transmitter, without 
the rubber membrane, is used as a 
high quality microphone in a new 
public address equipment already de- 
scribed in the REcorD.* Its frequency 
response characteristic is comparable 
to that of the stretched-diaphragm 


*BeLL Record, January, 1932. 
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Fig. 4—E. L. Dias of the Chemical 
Laboratory removing one of the rubber 
membranes of the new transmitter from 


the mold 


carbon microphone employed in broad- 
casting. Its output level, however, is 
not sufficiently high to permit it to be 
used as a telephone transmitter with- 
out the use of a sound collector such 
as a horn. The horn introduces a 
certain amount of distortion, but the 
quality of the transmitter is still ma- 
terially better than that of previous 


operators’ transmitters, and a sub. 
stantial gain in intelligibility is effect- 
ed. One of the methods of measuring 
the reaction on telephone service which 
a change in instruments or line con- 
dition has brought about, is to ob- 
serve the number of times it is neces- 
sary to repeat a statement or, in the 
case of the operator, a station num- 
ber. Observations of repetitions in 
service show that their rate is greatly 
reduced when the new transmitter is 
used. 

The housing of the new transmit- 
ter is much stiffer than that of the 
old, and the microphone element, 
therefore, does not respond as readily 
to the acoustic pressure of room noise 
acting on the housing. A background 
of noise may seriously interfere with 
the interpretation of speech, so that 
it is a distinct advantage in the new 
transmitter that it does not as readily 
pick up sounds at a distance as the 
earlier instrument did. 

It is anticipated that the longer life 
and more rugged construction of this 
transmitter, together with the ease of 
replacement and repair, will affect ma- 
terial economy in service, quite aside 
from the substantial improvement in 
performance which it offers. 


f | 


Distributing Programs in the Waldorf Astoria 


By J. J. KUHN 
Special Products Development 


HE largest program distribu- 

tion system yet brought under 

one roof was placed in serv- 
ice in the new Waldorf Astoria on 
October 1, 1931. The system repre- 
sents the latest step in size and flexi- 
bility beyond the apparatus installed 
in the Atlantic City Convention Hall.* 
Amplifying and distributing equip- 
ment permits an instant choice of six 
programs to guests in each of the 
Hotel’s 1,940 guest rooms. The same 
equipment provides program distribu- 
tion and voice reenforcement in the 
Hotel’s many public rooms. _Inde- 
pendently, two radio-frequency dis- 
tributing systems afford the residents 
in each of 138 tower apartments ac- 
cess to all radio programs which their 
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own radio receivers are able to detect. 

The system for distribution to the 
Hotel’s guest rooms and public rooms 
comprises equipment for pickup, and 
for amplification and distribution over 
six channels. For any of these chan- 
nels the programs may be picked up in 
any of the public rooms, may be repro- 
duced from records or may come from 
distant sources by wire or through the 
aid of radio receivers. 

A program taking place in one of 
the Hotel’s public rooms is picked 
up by portable condenser microphones 
appropriately located and connected 
through flexible shielded cords to 
outlets in the baseboard of the room. 
These outlets have been provided in 
considerable number, so that micro- 
phones can be located anywhere in a 
room without the necessity of using 
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The control room contains twenty-two 

racks of equipment. The six Western 

Electric 10-A Radio Receivers are shown 
on the two racks at the right 


unduly long cords to connect them. 

Shielded cable connects the speech 
circuits from all the base outlets to a 
connection box in the control room on 
the sixth floor. The filament and plate 
circuits of the ampliflers* directly as- 
sociated with the microphones also re- 
ceive their power over this cable. Each 
speech input circuit terminates in a 
jack in a switching panel, whence it 
can be connected by a patching cord 
to the input of any of the six main 
channels. 

Radio programs to be placed on 
the channels are picked up by an an- 
tenna hung between the Hotel’s two 
towers, and thence are led down to 
the control room. ‘There the antenna 
circuit is multipled to six Western 
Electric 10-A Radio Receivers, one 
associated with each main channel. 
The input circuits of the receivers 


*BeLL LABORATORIES RECORD, June, 1928, p. 329. 


are so arranged that the oper- 
ation of each receiver is inde- 
pendent of the operation of 
the others. Thus they can be 
used without mutual interfer- 
ence to detect different pro- 
grams for their respective 
channels. 

The control rack for each 
main channel contains mixing 
“equipment permitting the in- 
puts from as many as three 
microphones to be blended, 
and a preliminary amplifier to 
raise the level of the. micro- 
phone currents. The rack also 
contains a main channel am- 
plifier of the Western Electric 
59-B type, whose input may 


The control rack (left) for each channel 
contains mixing equipment, @ preliminary 
amplifier, and a main amplifier. Adjacent 
to the first control rack there is a rack 
(right) of patching and intercommuni- 
cating equipment for all channels 
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come from the preliminary am- 
plifier, the radio receiver, a 
wire line, or a reproducer. 
Each channel is provided with 
a volume indicator, and the 
necessary controls; monitoring 
can be accomplished either by 
headphones or by the monitor- 
ing loud speaker in the control 
room. Communication with 
observers in the public rooms 
over separate communication 
circuits is also provided. 
Power amplification is final- 
ly accomplished by Western 
Electric 57-A Amplifiers, of 
which thirty-one are available. 
Twenty-four of these are nor- 
mally associated with guest- 
room circuits, six with public- 
room circuits, and one with 
the outgoing wire-line circuits 
over which events of public 
interest can be transmitted to 


Each private radio receiver is coupled to 
the antenna circuit through a balanced, 
neutralized amplifier 


Thirty-one power amplifiers raise the level of the 
program for transmission to guest rooms, public 
rooms and distant broadcast stations. 
is the remote control rack for the alternating 


At the right 


current power equipment 


distant broadcast stations. Thus nor- 
mally each of the six main channels 
has four power amplifiers associated 
with it for guest-room amplification, 
and one for public-room amplification. 

For distribution to guest rooms, 
the output of each power-amplifier 
is connected through matching and 
switching apparatus to a strip of jacks 
from each of which a conducting pair 
passes through lead-covered cable up 
a riser in the building to an electrical 
closet serving the rooms in its neigh- 
borhood on its floor. Here the pair 
is cross-connected to four terminal 
strips from which several circuits run, 
each to about twenty guest rooms. To 
bring to each guest room a pair rep- 
resentative of each channel requires 
three 152-pair cables and one 101-pair 
cable. The use of terminal strips hav- 
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In the famous Sert Room dinner music is provided by a loud speaker back of a 
grille in the ceiling 


ing a sealed chamber for the cable 
end prevents the moisture prevalent 
in closed shafts and cabinets from 
reaching the insulation on the con- 
ductors. 

The system is designed so as to 


reduce maintenance to a minimum. 
Two brief testing operations will se- 
gregate trouble to a group of twenty 
guest rooms. To locate the particular 
guest room in which the trouble ex- 
ists, a maximum of only half that 
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group need be disturbed. Further- 
more, the major items of equipment 
in the control room are interchange- 
able, and can be patched from chan- 
nel to channel to meet any unusual 
need. 

Six pairs of wires are connected to 
each of the guest rooms and to sev- 
eral rooms in each of the apartments 
of the Hotel. To avail himself of the 
programs they offer, a guest requests 
that a loud-speaker be brought him, 
and the page who delivers it inserts 
the twelve-conductor plug at the end 
of its cord into the base outlet. By 
rotating to the proper position the 
knob of a six-position switch in the 
loud-speaker, any of the six programs 
available can be selected. The volume 
of the program can be adjusted by a 
control knob on the 
speaker. The master 
volume control in the 
control room is so set 
that no guest can raise 
the volume to a point 
where it would annoy 
the occupants of an 
adjoining room. 

To the public rooms 
the sound currents pass 
over cable from the 
power amplifiers in the 
control room. The 
sounds are reproduced 
by loud-speakers, the 
type and location of 
which are chosen to 
suit the rooms which 
they serve. In most of 
the public rooms loud- 
speakers are perma- 
nently installed behind 
concealing grilles, 
chosen to suit the dec- 
orative schemes of the 
rooms. Such a grille, 


in the main lobby, is shown at the 
head of this article. Both in these 
rooms and in the public rooms not so 
equipped, portable loud-speakers can 
be connected to base outlets when 
speech reenforcement is required. 
Since the Hotel is supplied only with 
direct current, and the radio receivers 
and the preliminary, main-channel 
and power amplifiers are designed 
t6 operate on alternating current, it 
was necessary to provide converter 
equipment. Located in a power room 
on the seventh floor, a 240-volt motor 
operates on direct current to drive an 
alternator capable of producing 15 
kilowatts of power at 115 volts 60 
cycles. To guard against interruption 
of programs, a duplicate set is pro- 
vided and duplicate control and regu- 


Occupants of guest rooms can order loud speakers which, 
when connected with the twelve-conductor base-outlet, will 
provide them with a choice of six programs 
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lating equipment is associated with 
each set. For convenience of opera- 
tion the control facilities in the power 
room are extended to a remote-con- 
trol panel in the control room. 

Apart entirely from the system dis- 
tributing to guest and public rooms 
is the antenna service for residents of 
the tower apartments. It was thought 
that these residents might wish to use 
their own radio sets as well as the 
Hotel’s loud-speaker service. For 
their accommodation two additional 
antennas have been hung between the 
towers, one to serve each tower. Each 
antenna is coupled to a radio-frequency 
transmission line of low impedance 
through a protector, a wave trap for 
suppressing strong local stations which 
might overload the system, and a re- 
peating coil. On reaching the highest 
floor on which apartments are located, 
the line is coupled to a loaded line 
of high impedance. To this line in 
turn are coupled low-impedance lines, 
sometimes as long as 250 feet, run- 
ning to the individual apartments, 
where the impedance is again finally 
stepped up. 

. The coupling of the individual lines 
is accomplished through single-stage 
amplifiers, balanced and neutralized. 
These insure against the feed-back of 
energy from improperly designed re- 
ceivers, and against the modulation 
of one frequency in the signal by an- 


other. The filament of each ampli- 
fier burns only when it is needed; its 
110-volt supply is trunked through 
the outlet in its apartment, and cur- 
rent flows only when the set is oper- 
ating. 

Through the care taken in design- 
ing these systems, and the hearty co- 
operation of the building contractors 
and Hotel authorities, the systems 
were installed, tested and ready for 
operation before the Hotel was 
opened last October 1. Since that 
time they have been in practically con- 
tinuous operation and have given en- 
tire satisfaction. They form indis- 
pensable parts of the Hotel’s facilities 
for entertaining its guests. 

The system forms an unparalleled 
example of what can be accomplished 
in designing and installing public- 
address equipment when owners, ar- 
chitects and builders cooperate with 
the communication engineers from the 
time when the first plans are drawn. 
To adapt standard methods to par- 
ticular needs, to provide many con- 
venient microphone outlets, to fit loud- 
speakers into decorative schemes and 
retain acoustic effectiveness, to bring 
cable for the required number of chan- 
nels to each of several hundred rooms 
and suites, can only be efficiently done 
by carefully planning the electrical in- 
stallation in advance of the actual 
construction of the building. 


Quartz Crystal Resonators 


By W. A. MARRISON 


Transmission Research 


HE properties of quartz crys- 

tals which make them useful 

in many electrical circuits are 
due largely to the piezo-electric ef- 
fect. If a piece of crystalline quartz 
is strained mechanically, it sets up an 
electric field in its neighborhood, in- 
ducing charges or electric potentials 
on conductors in the field. Hence the 
derivation of the term piezo-electric 
from the Greek expression “‘piezein”’ 
which means “‘to press.’’ Conversely, 
when a piece of crystal is placed in 
an electric field, it changes its shape 
slightly. The deformation thus pro- 
duced is very minute; it is in extreme 
cases only a few thousandths of a 
millimeter for a rod one centimeter 
long. 

Many other crystals have these same 
properties in varying degree. Rochelle 
salt crystals are many times more “‘ac- 
tive’ than quartz. Even ordinary 


cane sugar has marked electrical prop- 
erties, as indicated by the flashes ob- 
tained when lumps of sugar are bro- 
ken apart or rubbed together in the 
dark. Quartz, however, has other 
desirable properties in addition to 
piezo-electric effects, chiefly due to its 
low internal friction and consequent 
low damping, and due to its hardness 
and chemical stability. 

It is the low damping in quartz 
that makes this material especially 
suitable for resonators. The damping 
is so low that an oscillation when 
once started may continue through 
6,000 vibrations before it is reduced 
to half of the original amplitude. The 
resonator illustrated symbolically on 
the cover of this magazine, in the 
form of a conch shell, is a poor reso- 
nator in comparison to quartz, but il- 
lustrates one point they have in com- 
mon. The air in the shell resonates 
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at certain audible frequencies from 
the great variety of sounds always 
present under natural conditions, and 
gives that characteristic sound remi- 
niscent of the sea. A quartz crystal 
will select certain vibrations in a much 
higher frequency range and give a 
corresponding response under suitable 
conditions. 

Quartz is the familiar “crystal” 
that is used so much in jewelry. Ame- 
thyst, rose quartz, agate and flint all 
have the same composition except for 
very small amounts of coloring mat- 
ter in some of the forms. They are 
all harder than glass and will scratch 
it easily. The hardness of quartz is 
important in the use of resonators, 
as it prevents wear and consequent 
change of dimensions which would 
change the frequency of response. Be- 
cause it is harder than most metals 
and alloys, quartz cannot be scratched 
by the metal electrodes or clamping 
devices. It can be scratched by topaz, 
ruby or diamond which are all still 
harder. It is usually cut or ground 
to required shapes by diamond dust 
or powdered carborundum used as 
abrasives. 

The chemical stability of quartz is 
also of great importance. It cannot 
oxidize because it is already silicon 
dioxide (SiO.). The only chemical 
substances that affect it to any extent 
at ordinary temperatures are hydro- 
fluoric acid and a few related miner- 
als which do not occur free in nature. 
Quartz is not appreciably soluble in 
water except at very high tempera- 
tures and pressures. The fact that 
clear crystals of quartz are often 
found among rocks that are disinte- 
grating with age is a fair guarantee 
of the permanence of this material. 

If electrodes are arranged about a 
suitable piece of quartz crystal so 


that an electric field between them 
will cause a deformation, the combi- 
nation will behave in many respects 
like an electrical network containing 
a highly-resonant circuit element. This 
is due to the piezo-electric influence, 
which effectively couples some of the 
mechanical properties of the quartz 
crystal into the electrical circuit of 
which the electrodes of the crystal are 
the terminals. The piezo-electric res- 
onator thus formed can be used in 
many ways for the measurement, con- 
trol, or separation of frequencies over 
a considerable frequency range. 
Perhaps the best known use of 
quartz crystals is for the control of 
frequency in radio transmitters.* The 
high constancy of crystal control also 
makes it especially adaptable for use 
as a frequency standard. A standard 
of frequency employing quartz crystal 
oscillators is now in use in the Labo- 
ratories and gives an accuracy of ap- 
proximately one part in ten million. 


*Be_L Laporatories Recorp, September, 1928. 


+“A High Precision Standard of Frequency,” 
I. R. E. Proc., July, 1929. 


Fig. 1—Slab for thickness vibration cut 
from large crystal 
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Crystals for the broadcast and high- 
frequency range are obtained from 
slabs cut parallel to one of the six natu- 
ral faces of the original quartz crys- 


tal. Resonators of the desired shape, 


either round or square, as is most 
convenient for cutting and mounting, 
are cut from these slabs. The most 
important dimension from the stand- 
point of frequency is the thickness, as 
the principal response depends most 
on this dimension. 

The frequency of such crystals may 
be determined approximately by di- 
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OPTICAL 
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Fig. 2—Method of cutting crystals to 
obtain thickness vibration 


viding the constant 2,100,000 by the 
thickness in millimeters. Crystals cut 
in the manner illustrated in Figures 
1 and 2 are mounted between pairs 
of parallel plate conductors, often, 
though not necessarily, in contact with 
them. The direction of the applied 
electrical field is perpendicular to one 
of the three electrical axes of the 
crystal. 

The different axes of a quartz crys- 
tal are referred to as the optical, elec- 
trical and mechanical axes. The opti- 
cal axis is the axis of symmetry of 
the hexagonal quartz prism and may 
be defined as a direction parallel to 
the length. The electrical axis is par- 
allel to opposite faces of the prism 
and perpendicular to the optic axis. 
The mechanical axis is also perpen- 
dicular to the optic axis, but is per- 


pendicular instead of parallel to op. 
posite faces of the prism. 

Crystals for operating at relatively 
lower frequencies are usually cut so 
that the long dimension is parallel to 
a mechanical axis, that is, perpen- 
dicular to the electric and optic axes. 
The electric field is applied by elec. 
trodes which are in the plane of the me- 
chanical and optic axes as indicated 
in Figure 3. An electric field applied 
in this way produces the greatest re- 
sponse along the length of the crystal. 
The resonant frequency of long rods 
or plates of this type may be de- 
termined approximately by dividing 
2,850,000 by the length in millimeters. 

It is dificult by this method to ob- 
tain really low frequencies. A rod 
giving a frequency of 1,000 vibrations 
per second, for example, would have 
to be nearly 3 meters long. This of 
course is impracticable because it is 
impossible to obtain large enough 
pieces of quartz crystal. A frequency 
of 25,000 cycles, requiring a crystal 
about 10 centimeters long, is about as 
low as can be obtained readily by this 
means. An appreciable lowering of 
frequency can be obtained by making 
a crystal dumbbell-shaped, so that a 
greater part of the mass is concen- 
trated toward the ends of the rod. 
This is sometimes useful in the final 
adjustment of frequency. 

A method that can be used to ob- 
tain much lower frequencies is to set 
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Fig. 3—Method of cutting crystals to 
obtain length or flexural vibration 
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the resonator in flexural or bending 
vibration. An ordinary long rod cut 
from the crystal as indicated in Fig- 
ure 4 will vibrate in this way, pro- 


vided the dimension parallel to the 


optic axis, the width in this case, is 
not too great. If the electrodes cover 
the crystal for the whole length but 
only half of the width as illustrated 
in Figure 5-a, one side only of the 
crystal is lengthened and shortened al- 
ternately, resulting in flexural vibra- 
tion in the plane of the mechanical 
and optic axes. If additional elec- 
trodes are arranged about the remain- 
ing half of the crystal in reverse po- 
larity, the coupling with the electrical 
circuit for this mode of vibration is 
increased considerably. Crystals vi- 
brated in this way can be made to 
have frequencies as low as 1,000 cycles. 

A convenient way of employing 
flexural vibration to obtain low fre- 
quencies is to make the crystal in the 
shape of a tuning fork, arranging the 
electrodes as shown in Figure 5-b. In 
this way each prong of the fork is 
driven independently, as in the case 
of the long rod just described, which 
results in the usual tuning-fork mode 
of vibration. 

The frequency of an oscillator con- 


Fig. 4—Resonators suitable for length or flexural vibration 


trolled directly by a crystal is usually 
above the audible range and may have 
any value, depending on the size of 
the crystal and the circuit conditions, 
up to several million cycles. ‘The fre- 


WHA: 
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Fi 5-a (Above)—Arrangement whereby 


half the width of quartz rod is covered 

by electrode to obtain flexural vibration 

Fig. 5-b (Below)—The same arrange- 

ment on a crystal cut in the shape of a 
tuning fork 


quency of the primary standard now 
in use in the Bell System is 100,000 
cycles per second. | 

When it is desired to obtain a low 
frequency controlled by a quartz crys- 
tal it is usually done by the use of a 
submultiple generator. This is a cir- 
cuit that will control a current at a 
frequency that is an exact submultiple 
of the input or controlling frequency. 
Any simple reduction from a half to 
a tenth can be obtained readily by 
this means in a single stage. When 
higher frequency-reduction ratios are 
required they can be obtained by the 
use of two or more 
stages in cascade. Thus 
to obtain 1,000 cycles 
from a 100,000 cycle 
standard, two stages, 
each having a ratio of 
ten to one, may be 
used. 

For frequency con- 
trol work of high pre- 
cision, the usual types 
of resonator require 
very accurate control 
of temperature. To 
simplify the problem of 
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Fig. 6—Some crystals used in temperature-coefficient studies 


temperature control in certain cases 
it has been found possible to make 
crystals, within a limited range of fre- 
quencies, that have a very low tem- 
perature coefficient. This is accom- 
plished by adjusting the crystal so 
that it vibrates at the same time, and 
at the same frequency, in different 
modes having temperature coefficients 
of. opposite sign. In this way the co- 
efficients can be made to annul each 
other over a considerable range of 
operating temperatures. 

One of the shapes that provide low 
temperature coefficients over a wide 
range of temperature is a ring cut in 
the plane of the optic and electric 
axes. The manner of cutting, and the 
first experimental low coefficient rings 
that were made for this study, are 
shown in Figure 6. The reduction of 
the outside diameter or increase in 
the hole diameter will in general lower 
the positive value, or increase the neg- 
ative value, of the temperature co- 
eficient of the ring. When the dif- 
ference between the radii is approxi- 
mately equal to the thickness of the 
ring, the temperature coefficient be- 
comes zero. A ring crystal adjusted 
to have a frequency of 100,000 cycles 


and a temperature coefficient of less 
than one part in a million per degree 
centigrade is shown in the headpiece. 
This is the type of crystal used in the 
Bell System frequency standard. 

A sphere of quartz crystal will vi- 
brate and control the frequency of an 
oscillating circuit. Some tests have 
been made using spheres of different 
diameters and it has been found that 
they make very good resonators, al- 
though not so good for most purposes 
as some other shapes now in use. One 
advantage in the use of a sphere is 
that it has the smallest possible sur- 
face area for a given volume of ma- 
terial and, accordingly, would be least 
affected by surface contamination or 
erosion. The frequency of the funda- 
mental mode (lowest frequency) is 
about inversely proportional to the 
diameter. The frequency of one of 
the spheres tested, which is about 3% 
inches in diameter, is 33,212 cycles. 
A sphere 10 inches or more in diam- 
eter would vibrate at an audible fre- 
quency. The 13-inch crystal sphere in 
the United States National Museum 
at Washington would have a funda- 


*“4 High Precision Standard of Frequency,” 
I. R. E. Proc., July, 1929. 
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mental tone about one octave above 
the highest note on a piano. 

The chief uses of quartz resonators 
up to now have been for the measure- 
ment and control of frequency. The 
first important application was in ac- 
curate single point wave meters. Then 
came frequency control and the appli- 
cation to radio broadcasting, short- 
wave transatlantic radio-telephony 
and airplane radio. The use in a pri- 
mary standard of frequency has al- 
ready been mentioned. 

A good frequency standard, with 
the addition of a phonic wheel motor 
and a few gears, may be made into a 
clock capable of keeping accurate time 
and of accurately controlling time im- 


pulses. A clock of this sort controlled 
by a quartz resonator has an accuracy 
comparable to that of the highest pre- 
cision pendulum clocks. 

The use of quartz resonators in 
electrical circuits is of increasing im- 
portance and the above applications 
are not by any means all that could 
be stated. Some functions are per- 
formed by the use of crystals that 
could be achieved only with great dif- 
ficulty or perhaps not at all by other 
means. The fact that a small piece 
of rock can be substituted for a highly 
resonant electric circuit element, and 
in many cases give an improved perfor- 
mance makes the use of quartz unique 
in the electrical art. 


Progress Through Research 


When a life insurance company is considering an applicant for life imsur- 
ance, there are certain things which it would like to know about the 
applicant. Among these are his past history as to health and disease, and 
his present health. In addition, it wishes to know certain facts which will 
give some indication of his expectancy of future life. Is not the same 
true of any business? Does not the future health of a business depend 
not only upon what it has done and what it is doing today but what it is 
planning to do to meet the future? What is its vision for the future and 
what plans is it making to adapt itself to that vision? We all know that the 
general conditions and the surroundings under which business will be done 
will change; the habits of the people will change; their tastes and desires 
will change. Will the business in question change and adapt itself to these 
new conditions? Wéhill it do its part in the creating of new conditions under 
which it can survive? 

More and more as time goes on the answer to these questions will, I 
believe, depend upon the intelligence and vigor with which research is 
carried on and the intelligence with which the general management of a 
business or industry directs this research along the proper lines. 

As with peoples so with industry —“W here there is no vision the 
people perish.” 

—From a paper presented by Bancroft Gherardi at the Silver Anniversary 
Convention of the Association of Life Insurance Presidents. 
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Coal Talks 


By W. E. ORVIS 


Transmission Instruments Engineering 


N the communications field as in 
the power industries, Coal is 
King. Granular carbon made 

from coal gives to the telephone its 
voice. Each of the twenty million tele- 
phones in this country depends upon 
granular carbon in the transmitter to 
change the air pressure waves of the 
calling subscriber’s voice to electrical 
waves which may be transmitted by 
wire to the receiver of the called sub- 
scriber. This it does by virtue of the 
change in the electrical resistance of 
a contact between two adjacent car- 
bon granules with change in pressure 
at the contact. Under the operating 
conditions in the telephone transmit- 
ter the resistance-pressure characteris- 
tic of carbon made from anthracite 
coal is more satisfactory than that of 
any other known material. 

This resistance-pressure character- 
istic, as well as other operational 
characteristics of the carbon, is a func- 
tion of the nature of the surface of 
the granule and of the amount and 
kind of gas adhering to this surface. 
Control of these factors starts with 


the selection of the proper coal at 
the mines and is accomplishd only by 
rigid control of every step in the man- 
ufacturing process. 

Naturally, the early manufacture 
of carbon was conducted on a more 
or less empirical basis. The degree 
of control now possible is the result 
of many years of research into the 
problems of microphonic action, to 
determine what variables were in- 
volved and what could be done to con- 
trol them. In order to adapt labora- 
tory methods and equipment to com- 
mercial practice before recommenda- 
tion to the Manufacturing Depart- 
ment of the Western Electric Com- 
pany, the Laboratories has set up a 
semi-commercial unit covering every 
step in the process of manufacturing 
carbon from the lump coal. The 
coal is crushed, ground and screened, 
washed and dried, then roasted under 
carefully controlled conditions. 

Since the shape of the carbon gran- 
ule, as well as the nature of the sur- 
face, controls its behavior in the trans- 
mitter, the methods used to reduce 
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the lump coal to the proper size must 
be studied. Because of the structure 
of the coal it cannot be cut into pieces 
of a definite shape and size but must 
be broken by some sort of crushing 
action. Jaw crusher, saw-tooth or 
gyratory crusher, attrition mill, ball, 
rodor pebble mill, swing hammer or 
burr mill, each influences the way in 
which the coal fractures, and leaves 
its imprint on the granule. 

Whatever type of mill is used, the 
division of a lump of coal into a great 
number of small granules is not an 
exact operation. The crushed product 
must be carefully sieved to yield gran- 
ules of a definite size distribution. 
The carbon of most importance at 
present, and of which the greatest 
quantity is used, is that for the hand- 
set transmitter. This carbon is shown 
approximately life size in the head- 
piece. It is made from raw mate- 
rial of 60-80 mesh: passing through 
a No. 60 screen having openings 
.0098 inch square and failing to pass 
through a No. 80 screen having open- 
ings .0070 inch square. After screen- 
ing, the coal is washed by agitation 
in a cylinder of running water to 
remove the dust which adheres to the 
granules. When dried it is ready for 
roasting. 

The roasting of the coal to carbon 
is conducted in two steps, the first a 
crucible pre-roast, the second a con- 
tinuous final roast. For the pre-roast, 
the coal is placed in a steel crucible 
and brought slowly up to the proper 
temperature, held at that temperature 
for several hours, and allowed to cool. 
As the temperature increases, large 
amounts of volatile matter in gaseous 
form are driven from the coal. If 
the temperature were increased too 
rapidly these gases would be released 
more or less violently and so produce 


pores in the structure of the coal in 
their effort to escape from the inside 


to the surface of the granules. As 
the carbon cools, these pores would 
absorb gas which would be released 
when current in the transmitter causes 
an increase in the temperature of the 
carbon. Gas escaping from the pores 
into the contact area between granules 
would give rise to resistance fluctua- 
tion due to change in pressure at the 


‘contact and introduce noise in the 


transmitter. 

The gases driven from the coal as 
the temperature increases would be 
partially reabsorbed when the mate- 
rial cools after being carbonized un- 
less some provision were made to re- 
move them from the crucible. This 
is done by carrying them away in a 
stream of a gas which does not react 
with carbon, such as nitrogen, hydro- 
gen or helium, passed through the 
crucible during the temperature cycle. 

The second step in the roasting 


Fig. 1—J. M. Rogie adjusts the rate of 

flow of gas through one of the furnaces 

which accomplish the final roasting of coal 
to transmitter carbon 
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process, the final roast, serves 
two purposes. By passing the 
pre-roasted carbon through a 
small rotating tube, the cen- 
tral portion of which is elec- 
trically heated to a tempera- 
ture greater than that used in 
the pre-roast operation, each 
granule of carbon is put 
through exactly the same tem- 
perature cycle. By regulating 
the temperature and the rates 
of flow of carbon and of gas 
through the tube, the nature 
of the surfaces of the granules 
is influenced so that all the 
carbon has the same desired 
characteristics when used in 
the transmitter. 

The type of continuous elec- 


tric furnace used to roast the Fig, 2—Control side of a final roasting furnace 


coal is shown in Figures 1 and 

2. Meters indicate the current in the 
resistance winding and the rate of 
flow of the gas used to supply the 
proper atmosphere to the roast. The 
furnace winding is of platinum-rho- 
dium wire. Rheostats permit control 
of the current in this winding and 
adjustment of the temperature of the 
furnace within wide limits. A recorder- 
controller holds the temperature con- 


stant at any desired value, and plots 
a continuous record of it. 

Coal is supplied to the furnace 
from a bottle and is advanced through 
the furnace by the rotation of the 
tube, the inclination and speed of 
which regulate the rate of flow of 
raw material. The double-end drive 
of the furnace tube reduces the strain 
in the tube at the hot portion. 


Fig. 3—The cubical granules (pictured at the right about ten times their actual size) 
are separated from the undesired flat granules. The lengths of their shadows show 
their relative thicknesses 
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Fig. 4—This separator removes the flat 
and the magnetic granules from transmit- 
ter carbon 


A visual examination of the result- 
ing granular carbon shows the gran- 
ules to be of innumerable shapes, some 
more or less cubical, others wedge- 
shaped or flaked (Figure 3). It has 
been found desirable to remove the 
latter. Since sharp edges are formed 
by the intersection of plane surfaces of 
comparatively large areas, a method 
of separating these granules from 
those of a more cubical shape is to 
utilize the greater air resistance of- 
fered by granules having a large ratio 
of surface to mass. 

This is done in the air elutriator 
shown at the top of Figure 4. The 


carbon is allowed to fall from a hop- 
per into an air stream blown from 
the left through a series of nozzles. 
The more a granule departs from a 
cubical or spherical shape, the farther 
it will be carried by the air stream. 
Two hoppers sliding on guide rails 
permit the removal from a lot of car- 
bon of the thinnest granules up to any 
desired percentage of the total. 

The roasting process not only car- 
bonizes the coal but reduces the iron 
compounds contained in the coal to 
metallic iron. The distribution of 
these iron compounds in the coal is 
not uniform and when it is broken 
down to small granules some of these 
contain a much higher proportion of 
iron than others. The carbon prod- 
uct can be improved if the granules 
of highest iron content are removed 
by passing the roasted carbon through 


Fig. 5—M. L. Martin observes through a 
microscope the progress of a life test on 
finished transmitter carbon 
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Fig. 6—C. E. Mitchell operates the machine which grinds and screens anthracite 

coal for preparation of transmitter carbon. Supplied from the hopper at the right, 

the crushed coal is ground in the ball mill at the center and sifted through screens 
whose housing appears at the left 


a magnetic separator, and it is to this 
that the thicker granules now pass. 

The magnetic pulley shown below 
the elutriator in Figure 4 is made up 
of two cup-like shells with a coil com- 
pletely filling the space enclosed by 
them when assembled end to end on 
the shaft. Current is supplied to the 
coil through rings and brushes. A 
spacer, a narrow brass ring, separates 
the two halves of the pulley at the 
crown of the belt surface, and it is 
the flux across this gap which holds 
the magnetizable granules of carbon 
to the pulley. The belt is of phosphor 
bronze. Carbon is fed to a guide 
which confines it to that section of 
the belt which is directly over the gap 


in the pulley, the motion of the belt 
carrying the carbon out of the open 
end of the guide. The undesired mag- 
netic material is held to the belt by 
the flux at the gap until the belt leaves 
the pulley at the bottom where it falls 
into a hopper and a suitable container. 
Granules which are non-magnetic fall 
directly into another hopper and con- 
tainer, whence they can be taken for 
use or test. 

This process of manufacture of 
granular carbon for handsets is the 
result of a continuous study of the 
microphonic properties of carbon con- 
tacts and the relation of these to the 
physico-chemical characteristics of the 
carbon. 
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General News Notes 


Lo January 10, 1932 


NEW OVERSEAS CIRCUITS 
PLACED IN SERVICE 


THE CLOSING Days of 1931 witnessed 
three notable extensions of the overseas 
radio-telephone service of the Bell System. 
On December 18 radio telephone service 
to Rio de Janeiro, Brazil, was inaugurated. 
Three days later the radio-telephone ser- 
vice to Bermuda was formally opened to 
the public. The Transpacific service to 
Hawaii, the terminal equipment for which 
Laboratories engineers recently completed 
inspection and testing, was inaugurated 
with impressive ceremonies on December 
23. 

ac Hawaii the opening messages trans- 
mitted over the short-wave channels were 
received in the throne room of the royal 
palace of the former native monarchy. 
The mainland terminus for the first part 
of the program was in the office of the 
Secretary of the Interior where Secretary 
Wilbur exchanged greetings with Gov- 
ernor Lawrence M. Judd of Hawaii. 
Later, headquarters of the Pacific Tele- 
phone and Telegraph Company at Seattle, 
Portland, San Francisco and Los Angeles 
were connected with the circuit and guests 
at these points talked with Hawaii. 

The ceremonies at Washington were 
in charge of T. G. Miller, Vice-President 
of the American Telephone and Tele- 
graph Company. Among’ those who spoke 
was Lloyd Espenschied of the American 
Telephone and Telegraph Company. Old- 
er members of the Laboratories will recall 
that during the Arlington-Paris tests in 
1915 Mr. Espenschied was stationed at 
Honolulu, and reported he was able to 
overhear the words transmitted across the 
Atlantic. 

Secretary of State Henry L. Stimson 
represented the United States in inau- 


gurating the service to Brazil. “The offi- 
cial greeting from Rio de Janeiro was 
given by Dr. Cavalcanti, Secretary Gen- 
eral of the Brazilian Foreign Office. At 
its southern terminus the circuit connects 
with some 104,000 telephones in Brazil, 
serving a population estimated at 9,500,- 
ooo. Connection for the new service is 
over a short-wave radio-telephone chan- 
nel between the Transatlantic stations of 
the American Telephone and Telegraph 
Company at Lawrenceville and Netcong 
and stations operated by the International 
Telephone and Telegraph Company near 
Rio de Janeiro. ‘The latter stations con- 
nect with lines of the Brazilian ‘Tele- 
phone Company. 

At the opening of the Bermuda service 
William H. Castle, Jr., Under Secretary 
of State of the United States in Washing- 
ton, exchanged greetings with Sir Thomas 
Astley Cubitt, Governor of Bermuda. 
Sir Ronald Lindsay, British Ambassador 
to the United States, also carried on a con- 
versation with the Bermuda executive. 
Other public officials and telephone execu- 
tives also spoke. 

The channel uses wave lengths in the 
vicinity of thirty to sixty meters. Trans- 
mission is from Lawrenceville and from 
St. George in Bermuda, and the receiving 
stations are at Netcong and at Eagle Pass 
in Bermuda. The technical aspects of 
these recent overseas extensions were dis- 
cussed by A. A. Oswald in the November 
1931 issue of the REcorD. 


BELL SYSTEM EXECUTIVES 
ADDRESS BOSTON FORUM 


Durinc JANUARY, several executives 
of the Bell System delivered addresses at 
Lowell Institute, Boston, under the gen- 
eral subject The Application of Science in 
Electrical Communication. Members of 
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the Laboratories who spoke were Dr. 
Jewett, Utilizing the Results of Funda- 
mental Research in the Communication 
Field; Dr. Arnold, An Introduction to 
Research in the Comunication Field; Dr. 
Fletcher, Researches in Speech and Hear- 
ing; and Dr. Ives, Picture Transmission 
and Television. Other speakers were 
Arthur W. Page, Vice-president, A. T. 
& T., Social Aspects of Communication 
Development; Ralph Bown, Radio En- 
gineer, A. T. & T., Transoceanic Radio- 
telephony; John E. Otterson, President, 
E.R.P.I., Talking Motion Pictures ana 
Other By-products of Communication 
Research. 


COSMIC RAYS AND WOOD ARE 
COLLOQUIUM TOPICS 


K. K. Darrow addressed the Col- 
loquium on December 14. He discussed 
the phenomenon sometimes referred to as 
“Cosmic Rays”, but also known as “Res- 
idual Ionization”, “Ultra Radiation”, or 
“Penetrating Radiation”. 

Mr. Darrow mentioned that since the 
time of Coulomb, it has been known that 
the air of the atmosphere is slightly con- 
ductive, or in modern language that it is 
normally in a state of slight ionization. 
Since air can be ionized at will by apply- 
ing rays of various kinds, such as X-rays 
and fast electrons, it is plausible to ascribe 
this ionization to rays which are always 
naturally present in the atmosphere. A 
certain part of it can be proved to be due 
to rays of radioactive substances in the 
air or in neighboring rocks or bodies of 
water. The remainder, he said, is the 
“residual ionization” in question. 

In treating with this “residual ioniza- 
tion” Dr. Darrow discussed two aspects of 
the subject. He first spoke of the em- 
pirical laws of the ionization; and then 
discussed the nature of the rays which 
produced it. ‘These two problems, he said, 
are more difficult than it is often realized, 
and require delicate and ingenious experi- 
ments. A paper by Dr. Darrow on Cos- 
mic Rays will be published in a forthcom- 
ing issue of the Bell System ‘Technical 


Journal. Addresses on this subject are 
also to be given by Dr. Darrow at Brown 
University and Massachusetts Institute of 
Technology. 

On January 4 R. R. Williams spoke 
on Experimental Methods for the Study 
of Wood Preservation. He brought out 
that the scientific basis of wood preserva- 


Receiving stations and antennas at Eagle 
Pass, Bermuda 


tion is rather sketchy and primitive, due 
largely to the lack of experienced meth- 
ods for the examination of so variable a 
material as timber. Each piece of wood 
reflects the individual history of the tree 
from which it came, he said, as well as the 
general adaptation of the species. 

Methods for the rational sampling and 
analysis of wood specimens were described 
by the speaker. He also outlined the rela- 
tive merits from the standpoint of per- 
manence of various preservative treatments 
with respect to the influence of both timber 
structure and the physical nature of the 
preservative. Mr. Williams gave figures 
illustrating the toxicity of various sub- 
stances to wood-destroying fungi. 
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APPEALING PROGRAM IS GIVEN 
BY MUSICAL CLUBS 


On DECEMBER 22, the Bell Labora- 
tories Glee Club of fifty voices, under the 
direction of Mr. Vere S. Richards, pre- 
sented its Second Annual Program of 
Christmas Carols in the Auditorium. 

Familiar carols were sung with new 
vigor and great feeling to a large and 
appreciative audience. A solo, “It Came 
Upon the Midnight Clear”, was sung by 
Miss Dorothy Allyn. F. M. Costello 
gave a vocal number entitled “A Carol” 
in which he was accompanied by R. J. 
Podeyn, violinist; U. A. Matson, ’cellist, 
and W. Whitney, pianist of the Club 
Symphony Orchestra. 

The Bell Laboratories Glee Club Male 
Quartette consisting of W. S. Sims, Ist 
tenor; R. P. Yeaton, 2nd tenor; F. M. 
Costello, baritone, and E. E. H. Wilde, 
bass, assisted by the full chorus sang that 
beautiful old carol, “Silent Night”. Miss 
Elsie Worden and F. M. Costello sang 


HOSE HOUSE res 
1 


The design by W. D. Smith of the Plant 
Department frees the hose house at Deal 
from the commonplace 


a pleasing duet arrangement of “Oh, Holy 
Night”. 

Other numbers sung by the full chorus 
were “The First Noel”, “Away In a 
Manger”, “Good King Wenceslas”, “God 
Rest You, Merry Gentlemen”, and “] 
Saw Three Ships”. ‘The audience joined 
the chorus in singing “O Come All Ye 
Faithful”, bringing the program to a fit- 
ting close. 

The concert given by the Club Or- 
chestra under the direction of L. E. Mel- 
huish consisted of numbers by Massenet, 
Gounod and Handel. Pastorals and In- 
termezzo from Bizet’s L’Arlesienne Suite 
No. 2 were played by a quartette com- 
posed of L. N. St. James, flute; E. K. 
Van Tassel, horn; G. G. Winspear, clar- 
inet; and K. D. Swartzel, saxophone. 
““Adeste Fidelis” played by the orchestra 
was orchestrated by R. J. Podeyn. 


NEW WATER SUPPLY FOR 
DEAL LABORATORY 


‘THE RADIO LABORATORY at Deal Beach 
is now using its new water supply from 
a public service main. ‘The new supply, 
which was installed during the closing 
months of last year, replaces the private 
well which had been used for over ten 
years and makes water available for fire 
protection purposes. 

A six-inch cast iron main is run ap- 
proximately a quarter of a mile from the 
local water company’s service meter. “The 
main is tapped at five points: at one place 
to supply the domestic water requirements 
and a new two-inch standpipe in the main 
building, and at four convenient locations 
for fire hydrants. ‘he hydrants are sim- 
ilar to those used along public streets. 
Each is equipped with two outlets suitable 
for connection of standard fire hose and 
one outlet to fit the suction connection of 
the nearby Fire Companies’ pumping 
engines. 

Two of the hydrants are inclosed in 
hose houses within the yard. Each hose 
house is equipped with 250 feet of rubber- 
lined fire hose and other fire fighting ac- 
cessories. “The hose houses are of regula- 
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Laboratories members at Deal give their new fire-fighting equipment a trial 


tion dimensions, but the usual boxlike ap- 
pearance has been replaced by a more 
pleasing design, the creation of W. D. 
Smith of the Plant Department. 


ADMINISTRATION 


Dr. JEwETYT was one of the Brackett 
Lecturers who gathered at a dinner ten- 
dered by Princeton University to mark 
the tenth anniversary of the founding of 
the lectureship. 

About 4,500 persons from the North 
Shore communities attended the address 
given by S. P. Grace at Winnetka, Illinois, 
on December 17. ‘The meeting was spon- 
sored. by the associated Chambers of Com- 
merce of the North Shore Communities 
and arranged through the Illinois Bell 
Telephone Company. Mr. Grace and 


R. M. Pease were guests of honor at a 
dinner given prior to the meeting. 


OUT -OF - HOUR COURSE HELD 
AT DEAL LABORATORY 


IN KEEPING WITH the custom during 
the past few years of holding an out-of- 
hour course at either Deal or Holmdel for 
Laboratories members stationed at these 
places, a course on Electric Circuit Theory 
is given this year at the Deal Radio Labo- 
ratory. The text used is Transmission 
Networks and Electric Wave Filters by 
T. E. Shea of the Laboratories. 

The course is divided into five sections, 
of which the instructors are N. E. 
Sowers, A. Decino, L. E. Hunt, E. B. 
Ferrell, and C. R. Burrows. The class 


meets twice a week. 
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Departm ental News Notes 


To January 10, 1932 


APPARATUS DEVELOPMENT 
SPECIAL Propucts DEsIGN 


RECENT GUEsTs at the Sound Picture 
Laboratory were Edward R. Tinker, new- 
ly elected President of Fox Film Corpora- 
tion, and E. I. Sponable, Chief Engineer. 
‘They made an inspection tour of the labo- 
ratory and were shown current sound pic- 
ture developments. 

At WasuinctTon, H. C. Curl and W. 
L. Betts, accompanied by W. C. Jones 
and G. G. Muller of the Research Depart- 
ment, spent several days at the United 
States Navy Bureau of Engineering to 
discuss questions pertaining to naval com- 
munication systems. 

THE HIGH LEVEL power amplifier used 
by H. A. Frederick in his demonstration 
of hill and dale records at the Engineer- 
ing Societies Building is the development 
of R. A. Miller and V. M. Cousins. 

E. O. Scriven completed twenty years 
of service on January 17. 


Rapio DEVELOPMENT 


O. W. Towner supervised the installa- 
tion of Western Electric 100-watt radio- 
broadcasting equipments for KXRO In- 
corporated at Aberdeen, Washington, and 
for Carl E. Haymond at Yakima, Wash- 
ington. He also inspected the 1-kilowatt 
installation of the Milwaukee Journal at 
Milwaukee. 

F. H. McInrosu directed the installa- 
tion of an a-c operated speech-input equip- 
ment for the Cherry and Webb Broad- 
casting Company in Providence. 

J. M. Henry supervised the installa- 
tion of a 400-watt radio-telephone trans- 
mitter at St. George, Staten Island, fer 
the New York Telephone Company. It 
will be used for radio-telephone commu- 


nication with small craft in New York 
Harbor. The installation of the radio re- 
ceiving equipment, which is located at 
Rosebank, Staten Island, was directed by 
H. T. Budenbom and W. M. Kellogg. 

THE First application of a 50-watt 
radio-telephone equipment to harbor craft 
was installed on the M. S. Lidiv under 
the supervision of F. B. Woodworth. 
This equipment will be used in conjunc- 
tion with the Staten Island Harbor Station. 

W. L. Buack attended the convention 
of the Acoustical Society at Cleveland. 

D. K. Martin, accompanied by E. C. 
McMullin of the Western Electric Com- 
pany, visited the offices of the American 
Airways in St. Louis and the United Air 
Lines in Chicago to discuss the perform- ~ 
ance of Western Electric aviation radio 
equipment. 

PAPERS DESCRIBING a new line of radio- 
transmitting and speech-input equipments 
operated directly from an, alternating cur- 
rent source were presented by A. W. Kish- 
paugh, R. E. Coram and W. L. Black 
at the December meeting of the New York 
Section of the Institute of Radio Engi- 
neers. QO. M. Hovgaard also presented a 
paper on recent developments in quartz 
plate oscillators. 

A DEMONSTRATION of Western Electric 
radio-telephone and beacon, equipment was 
given for Mr. Russell Owen of the New 
York Times, who was a member of the 
Byrd Expedition to the South Pole. He 
was the guest of Herbert Forster of the 
Western Electric Company and P. B. 
Findley of the Bureau of Publication. 
The Laboratories’ Ford plane was used 
for this purpose and the demonstration was 
conducted by D. B. McKey, Captain A. 
R. Brooks, Captain P. D. Lucas and R. J. 
Zilch. 


{vi} 


| 
i 
3 
| 
| J 
: 


MATERIALS DEVELOPMENT 


AN EXTENDED study of lead cable 
sheath has been undertaken by C. H. 
Greenall and V. P. Triolo at Hawthorne. 

G. R. Goun will be assigned to Haw- 
thorne for a period of six months in the 
Engineering Manufacture Organ- 
ization. 


MANUAL APPARATUS 


QO. A. SHANN completed twen- 
ty years of service in the Bel! 
System on January 2. 


APPARATUS 


H. O. SreGmMunb, in Haw- 
thorne, considered developments 
of precious metal contacts and 
relay manufacture. 

C. G. McCormick and V. F. 
BouMaAN visited Stamford for a 
field study of step-by-step switches. 

H. W. completed 
twenty years of service in the Bell 
‘System on January 2. 


REPAIRED APPARATUS 


W. T. Booru addressed the 
Wednesday Night Forum of Zion 
Episcopal Church, Douglaston, 
New York, on the activities of the 
Laboratories. 


“TRANSMISSION APPARATUS 
HAWTHORNE VISITS were made 


by W. J. Shackelton and F. J. 
Rasmussen. Mr. Shackleton was 
occupied, with manufacturing problems on 
paper condensers and Mr. Rasmussen in- 
vestigated shop testing apparatus. 


RESEARCH 
‘TRANSMISSION INSTRUMENTS 

Ar Monrreat, H. A. Larlee discussed 
problems on the manufacture of station 
handsets with engineers of the Northern 
Electric Company. 

CONFERENCES WITH Government off- 
cials on special telephone equipment for 
the United States Navy were attended by 


W. C. Jones and G. G. Muller at Wash- 
ington. 

A. F. BENNETT visited the Western 
Electric plant at Hawthorne to aid the en- 
gineers in the examination and testing of 
tool-made samples of audiphone instru- 
ments. 


Miss M. Midtgardt checks the dry cells on life test 


in the Transmission Apparatus laboratory 


W. Ka tin also visited Hawthorne in 
connection with the manufacture of high- 
frequency loud speakers. 


CHEMICAL LABORATORIES 


‘THE MANUFACTURE of experimental 
lead-calcium and lead-antimony cables to 
be given a field test at Chester was dis- 
cussed by R. R. Williams and E. E. 
Schumacher in a recent visit to Hawthorne. 
G. M. Bouton and K. M. Olsen have 
been at Hawthorne to prepare the experi- 
mental tests. 
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“Drummer Girls” chorus of “The Pleasure Seekers,” the musical show produced 

January 29 by members of the Laboratories under the direction of H. D. Peckham. 

Left to right: Margaret Birdsley, Vera Thomson, Amy Hoffman, Teresa Kelly, 

Mildred Hollreiser, Camilla Meyer, Irene Jordan, Constance Duffy, A gnes Viskupic, 
Emma Weiss 


Vistrs ‘ro Point Breeze were made by 
A. R. Kemp, C. W. Scharf and J. H. 
Ingmanson to discuss the development of 
duct wire. Mr. Ingmanson also visited 
Washington to aid in patent matters. 

R. E. WATERMAN attended a meeting 
of the American Wood Preservers Asso- 
ciation, Cleveland, Ohio. He also visited 
the Laboratories’ pole test plot at Gulf- 
port, Mississippi. 

G. S. Puipps was at Hawthorne to view 
the die casting procedure carried on by 
the Manufacturing Department. 

SAMPLES OF cable were examined for 
corrosion by C. L. Hippensteel, C. C. Hip- 
kins and R. B. Mears in a visit to the cor- 
rosion testing plot at Forked River. 

C. S. FULLER has a paper in the De- 
cember Industrial and Engineering Chem- 
istry. “The subject is Oxidation of Solid 
Films of Tung Oil. Also in the Decem- 
ber issue there is pubished the paper 
Oxidation Studies of Rubber, Gutta- 
percha and Balata Hydrocarbons by A. R. 
Kemp, W. S. Bishop and P. A. Lasselle. 

In THE Scientific Monthly for January 


E. E. Schumacher is the author of the 
article The Nature of Metals in Relation 
to their Properties. 


‘TRANSMISSION RESEARCH 

‘TEsts ON THE 4000-mile toll cable cir- 
cuit have been conducted by B. G. Bjorn- 
son, R. W. Cushman, J. L. Hogg, N. C. 
Norman, N. W. Bryant and L. F. Smith. 
Their headquarters have been at Charlotte, 
North Carolina. A. M. Curtis, R. C. 
Mathes, and A. W. Horton made a trip 
to North Carolina to participate in some 
of these tests. 

L. A. MacCo tt presented to the Amer- 
ican Physical Society meeting in New 
Orleans 4 Note on the Transmission and 
Reflection of Wave Pockets by Potential 


Barriers. 


AcousricAL RESEARCH 
AcoustIcAL TEsts at the Philadelphia 
Academy of Music have been performed 
by E. C. Wente, K. E. Hammer, A. L. 
Thuras, R. W. Buntenbach and E. H. 
Bedell. 
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Rapio AND VAcuUM ‘TUBE 


W. WILSON attended a meeting of the 
International Radio Consulting Commit- 
tee at Washington. 

A MEETING OF the American Philo- 
sophocal Society in Philadelphia was at- 
tended by C. J. Davisson. 

A PAPER describing a new high vacuum 
system and written by J. A. Becker and 
E. K. Jaycox is included in the Review of 
Scientific Instruments for December. 

CoNnsTANT FREQUENCY oscillators are 
discussed by F. B. Llewellyn in the Pro- 
ceedings of the Institute of Radio Engi- 
neers for December. 


ELecrro-OpricaL RESEARCH 


kK. K. Darrow attended the conven- 
tion of the American Association for the 
Advancement of Science at New Orleans. 


SPECIAL RESEARCH 


& JoHNson’s paper, The Cathode 
Ray Oscillograph, is published in the De- 
cember Journal of the Franklin Institute. 


PATENT 


HEARINGS BEFORE the Board of Ap- 
peals at Washington were attended by 
J. W. Schmied, W. C. Kiesel, G. T. 
Morris and W. B. Wells. 

H. A. FLAMMER was in Washington 
in connection with miscellaneous patent 
matters. 

A. G. KINGMAN made a trip to several 
cities in the Middle West and E. W. 
Adams visited Atlanta, Georgia, relative 
to patent matters. 

W. FonpILer, as guest speaker at the 
Patent Department Luncheon on Decem- 
ber 23 at the Hotel Governor Clinton, 
gave an interesting talk on problems of 
apparatus development. 

WITHIN THE PERIOD from August I 
to December 1, 1931, patents were issued 


to the following members of the Labora- 
tories: 


E. W. Adams H. Hovland 

W. J. Adams H. B. Johnson 
B. G. Bjornson (2) W. C. Jones (2) 
N. Blount A. R. Kemp 

H. W. Bode L. A. Kille 


C. Borgmann W. A. Knoop (2) 
H. N. Bowman F. A. Korn 

E. T. Burton (2) H. Lathrop 

A. J. Busch G. A. Locke 

T. C. Campbell G. R. Lum (2) 
W. W. Carpenter K. Lutomirski 
W. L. Casper W. A. Marrison 
R. W. Chesnut R. C. Mathes 

T. V. Curley W. J. Means 

A. M. Curtis J. M. Melick 

J. F.C. Dahl R. A. Miller (2) 
R. C. Davis C. R. Moore 

A. D. Dowd C. E. Nelson (3) 
H. W. Dudley (2) E. L. Nelson 

G. W. Elmen A. A. Oswald 
L. A. Elmer A. J. Pascarella 
F. S. Entz G. E. Perreault 
H. J. Fisher E. Peterson (2) 
P. B. Flanders A. C. Powell 

A. Gastonquay H. T. Reeve 

E. W. Gent J.C. Schelleng (2) 
J. J. Gilbert (2) H. O. Siegmund 
F. Gray L. J. Sivian 

A. E. Hague (2) C. G, Spencer 
H. C. Harrison (2) G. H. Stevenson 
R. V. L. Hartley C. P. Stocker 
W. H. Harvey R. Stokely 

R. A. Heising (5) W.B. Strickler 
I. L. Hopkins F. A. Voos 


SYSTEMS DEVELOPMENT 
EQuIPMENT DEVELOPMENT 


O. L. MicuHat was in Boston to deal 
with various engineering problems in con- 
nection with the installation of the No. 
65-B-1 teletypewriter switchboard. E. A. 
Kuenzler was similarly engaged in Chi- 
cago, where a No. 1 teletypewriter board 
was installed. On his return he stopped 
off at Detroit to inspect an installation of 
a 65-B-1 board. 

A TRIAL INSTALLATION at Elmira of 
aluminum bus bars for power plants was 
inspected by W. P. Sohn. 

H. M. Spicer was in Philadelphia to 
discuss power relays with the manufac- 
turer. 

V. T. CALLAHAN tested steam turbine 
generator sets at Chicago. While on this 
trip he visited Kohler, Wisconsin, to inves- 
tigate small engine generator sets. Mr. 
Callahan has been made a member of the 
Standards Committee of the Society of 
Automotive Engineers in both the gasoline- 
engine and diesel-engine divisions. 

ADJUSTMENT OF teletype motor gener- 
ator sets called J. H. Sole to Boston. 
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“The Pleasure Seekers? chorus of the Laboratories show. Left to right: Lillian 

Blumberg, Leonie Berthold, Edith Mervine, Wilma Subolsak, Helen Meloy, Emily 

Frazer, Winifred McGough, Emily Sherman, Florence Lind, Louise Baumann, 
Grace Bayliss 


LocaL CENTRAL OFFICE 


A. C. PowELv investigated call indi- 
cator equipment installed at Detroit. 

Tests ON trunk circuits from the New 
York Suburban tandem office were made 
by M. C. Goddard and P. T. Slattery at 
Croton. 

H. W. FLANpDREAU was at Pleasant- 
ville, New Jersey, to obtain data on a 
trial of tripping relays in the central office 
switchboard. 


‘Tott DEVELOPMENT 


A. B. Dickinson made visits to Wash- 
ington, Philadelphia and Boston to observe 
the installation of switchboards for tele- 
typewriter service. 

For SEVERAL weeks S. Rosen has been 
at Chicago and Denver, where tests of a 
new multi-frequency circuit for testing 
open-wire program circuits were conduct- 
ed with laboratory models. 

AFTER A sIx months’ stay in the field 
while conducting trials between Chicago 
and San Francisco of the new high quality 


program circuits for open-wire, A. E., 
Bachelet, J. A. Krecek, C. F. White, C. 
E. Schissler and A. H. Shuper returned re- 
cently to the Laboratories. 

H. I. Romnes has been in North and 
South Carolina to investigate pilot-wire 
regulators used on the trial of long cable 
circuits. 


LocaL CENTRAL OFFICE 


SERVICE IN the Bell System extending 
to twenty-five years was completed by 
L. T. Cox on January 21. 

His first telephone work was as a sub- 
station and PBX installer for the New 
York Telephone Company. Following a 
short period of outside activity he became 
a member of the Western Electric in 
1910 and engaged in switchboard installa- 
tion. In 1914, at the time of the in- 
stallation of the first semi-mechanical sys- 
tem, he was detailed to Newark. He re- 
mained there three years as a member of 
the group which tested the semi-mechani- 
cal installations in the Waverly, Mulberry 
and Branch Brook central offices. 
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In 1917, Mr. Cox left the Western 
Electric for war service. He was a mem- 
ber of the Signal Corps attached to the 
307th Regiment of the 77th Division and 
put in thirteen months of service overseas. 
After being mustered out of service he 
returned to West Street and was assigned 
to step-by-step development. 

In 1921 he transferred to Manual 
Standardization. While on this work he 
was responsible for the development of the 


L. T. Cox 


1-C repair clerk’s desk and the 12-C test 
set used in both dial and manual central 
offices. In 1923 he was assigned to the 
development of improved inter-office trunk 
circuits, and in 1925 to the analyzation 
of non-standard customers’ orders placed 
on the Western Electric Company. 


INSPECTION ENGINEERING 


H. F. Doncg attended the annual meet- 
ing of the American Statistical Associa- 
tion held at Washington. 

W. A. SHEWHART gave a paper, Eco- 
nomic Standards of Quality, before a meet- 
ing of the Econometric Society in New 
Orleans. 

WITH REGRET word was received of 
the death of H. C. Cunningham, which 
occurred on December 11, 1931, after an 
illness of four days. 

Mr. Cunningham joined the technical 
staff of the Laboratories in 1922, coming 
from the Installation Department of the 


Western Electric Company. He had re- 
cently been in charge of Inspection En- 
gineering work in connection with trans- 


H. C. Cunningham 


mission apparatus. He received a B.S. 
degree with Phi Beta Kappa honors in 
1930 as the result of night studies at the 
College of the City of New York. 


OUTSIDE PLANT 


D. A. QuaREs and J. A. Carr visited 
Dr. C. F. Marvin, Director of the 
Weather Bureau in Washington, to dis- 
cuss the design of anemometers and the 
interpretation of the various forms of 
wind velocity records. Mr. Quarles also 
made a trip to Point Breeze on cable and 
wire development problems. Mr. Carr 
visited the laboratories of Julien P. Friez 
and Sons in Baltimore in connection with 
their bridled type of anemometer. 

J. G. BreaRLEy was at Hawthorne to 
observe the manufacturing operations in 
sheathing cables for an extensive experi- 
mental installation of aerial cables to be 
made at Chester, New Jersey. The in- 
stallation will be made to compare sheaths 
of different types and thicknesses. 

ACCOMPANIED BY A. L. Richey of the 
American Telephone and ‘Telegraph Com- 
pany, W. C. Redding was in ‘Toccoa, 
Georgia, to observe an installation of toll 
cables with experimental lead sheaths. 

A. H. Hearn and J. G. SEGELKEN 
visited the Laboratories test plot at Gulf- 
port, where they inspected the experimen- 
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tal preservative treatments of southern 
pine poles. 

At Monrose, Pennsylvania, R. C. 
Dehmel observed a field trial of a new 
method of capacitance-balancing of toll 
cable pairs. Mr. Dehmel was also in Bos- 
ton in connection with the development 
of leads for use with capacitance-unbalance 
test sets. 


PUBLICATION 
W. C. F. FarNeE.t attended the open- 
ing of the Museum and Historical Col- 
lection of the Bell Telephone Company 
of Canada at Montreal. 


STAFF 
MemMBERs OF the Development Shop 


were grieved to learn of the death of 
Charles Westerberg, which occurred on 


Charles Westerberg 


December 30. Mr. Westerberg complet- 
ed thirty years of service last August. 

In the Development Shop he worked 
in the coil division, impregnating, potting 
and assembling coils used in the develop- 
ment of apparatus. He was a member 
of The Edward J. Hall Chapter of the 
Telephone Pioneers of America. 

F. Haksg, in charge of Photographs, 
Photostats and Blue Prints, has completed 


twenty years of service in the Bell System. 

N. F. SCHOEN, whose service with the 
Western Electric Company and the Lab- 
oratories dates from 1899, has recently 
retired. As an instrument maker he 
worked on some of the most important 
engineering models made in the Develop- 
ment Shop. 

Following his early years with the 


N. F. Schoen 


Western Electric Company in which he 
was engaged in the manufacture of special 
apparatus, Mr. Schoen was assistant fore- 
man of the Tapping department and was 
in similar charge in the Drilling section. 
He later was given charge of the assembly 
work on transmitter bridges and when this 
work with the other manufacturing activ- 
ities was moved to Hawthorne he became 
associated with the Model Shop. From 
this time until his retirement he worked 
in the shop as an instrument maker. 

An informal dinner was tendered to 
Mr. Schoen by friends long associated with 
him in the shop. Upon his retirement he 
was also presented with a gold watch and 
chain, a gift from his co-workers of ten 
years or more standing. 

G. J. SELrzeER has completed twenty 
years of service in the Bell System. 
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A Transmitter for the Coast Guard 


By O. M. HOVGAARD 


Radio Development 


AY and night, in all kinds of 
weather, the fast boats of 


the Coast Guard patrol the 
extensive coast line of our country. 
These boats operate from bases stra- 
tegically situated along the seaboard. 
Communication between the bases and 
vessels, so vital to the operations of 
the Coast Guard, are carried on by 
radio. Recently there has been placed 
into service for this purpose new 
Western Electric transmitting equip- 
ment developed by the Laboratories 
which embodies several new and un- 
usual features designed especially to 
meet the severe requirements of Coast 
Guard work. 

The essential requirements for this 
equipment are simplicity of operation, 
ruggedness and compactness. The en- 
tire system with the exception of the 
dynamotor and certain accessories is 
contained in a single unit of less than 


15 cubic feet. The transmitter is rated 
at 35 watts output on any frequency 
in the range of 2307 kc. to 3333 ke. 
(120 to 90 meters) and either tele- 
graph or telephone operation is avail- 
able. Telephone operation is for the 
use of the smaller patrol boats which, 
as a rule, do not include a telegraph 
operator in their crews. 

The transmitter, which is designed 
to operate from a 32-volt d-c supply, 
consists of an oscillator followed by 
a radio-frequency amplifier which sup- 
plies power to the grid of a modulat- 
ing amplifier. The microphone output 
passes through a speech amplifier to 
a push-pull power amplifier whose 
output is applied to the plate of the 
modulating amplifier. A modified 
Heising modulating system is used. 
Plate power is obtained from the 32- 
volt supply by means of a dynamotor. 

The radio-frequency oscillator is 
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crystal controlled. Five quartz plates 
are furnished and are mounted in a 
thermally-insulated chamber in which 
the temperature is maintained con- 
stant to one-tenth of a degree by a 
mercury-in-glass thermostat. A selec- 
tor switch enables the operator to 
adjust the oscillator to operate at any 
one of five specified frequencies. A 
sixth setting of this selector switch is 
arranged to convert the crystal oscil- 
lator to an electric oscillator continu- 
ously adjustable through the frequen- 
cy range of the transmitter. ‘This 
makes possible the operation of the 
transmitter at frequencies for which 
crystals may not be available and pro- 
vides an emergency oscillator in the 
event of crystal failure. 

To obtain satisfactory frequency 
stability the emergency oscillator is 
operated at one-half the carrier fre- 
quency. The radio-frequency amplifier 
in this case automatically functions as 
a frequency doubler, its output cir- 
cuits being tuned to the carrier fre- 
quency. By noting the dial settings of 
the emergency oscillator, correspond- 


Fig. 1—Coast Guard operator using T-6 


Radio Transmitter 


ing to the frequencies of the five crys- 
tals furnished, a calibration chart may 
be made from which can be obtained 
the settings for any frequency within 
the range of the transmitter. 

The output circuits are sufficiently 
flexible to assure full power output 
with a wide range of antenna im.- 
pedance. By means of a single switch 
the circuits may be changed to per- 
mit the output of the transmitter to 
be modulated by voice or tone, or to 
be keyed without modulation. When 
operating as a tone-modulated tele- 
graph transmitter, the microphone 
circuit is opened and the speech am- 
plifier is converted to an 800-cycle 
oscillator whose amplified output is 
applied to the plate of the modulat- 
ing amplifier. Keying for either form 
of telegraph transmission is effected 
by a relay which controls the grid 
biasing voltage on the radio-frequency 
amplifier and on the modulating and 
audio-power amplifiers so that when 
the telegraph key is open, the vacuum 
tubes in these stages are biased to 
cut-off. In addition, when the key is 
opened the relay transfers the antenna 
from the transmitter to the receiver. 
A press-to-talk button on the micro- 
phone handset also operates this re- 
lay when the transmitter is used for 
telephony. This system is advantage- 
ous since its permits break-in opera- 
tion even when transmitting and re- 
ceiving on the same frequency. The 
transmitter is well shielded, preclud- 
ing interference from the crystal os- 
cillator. 

Mechanically, the transmitter is 
divided into four major sections. In 
the bottom section are located the 
terminal strip for connections to the 
transmitter, rheostats and _ resistors 
for controlling and regulating the fil- 
ament, biasing and plate potentials 
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and the heavier retard transformers 
and condensers. The second section 
from the bottom is unique since it is 
constructed like a drawer and is re- 
movable. It contains the entire oscil- 
lator and a radio-frequency amplifier 
together with the temperature-con- 
trolled chamber and five crystals. On 
the front of this compartment are 
mounted the crystal selector switch, 
the tuning controls for the emergency 
oscillator and the radio-frequency am- 
plifier as well as meters to enable the 
operator to adjust these circuits. 

The third compartment is divided, 

the front section containing the speech- 
frequency apparatus and filament cir- 
cuits, and the back section housing the 
output circuits of the modulating am- 
plifier. Means for tuning the output 
circuit and adjusting the coupling to 
the antenna are brought to the front 
panel. 
The top section is also divided into 
two compartments. The  speech-fre- 
quency tubes and the modulating am- 
plifier are in the front section and the 
antenna tuning apparatus in the back. 
The antenna tuning control is brought 
to the front panel on which are also 
mounted the filament and plate volt- 
meters and the antenna current meter. 
A door in this panel gives access to 
the transmitter so that tubes may be 
easily replaced, the send-receiver relay 
being reached through a second door 
in the dividing shield. 

The tuning controls are new devel- 
opments first used with this equip- 
ment. They consist of an all-metal 
fixed dial with a movable pointer at- 
tached to the control shaft. This 
pointer, which is sufficiently large to 
permit its being used as a handle for 
rough tuning, is associated with a 
vernier for accurate adjustments. In- 
side the scale are five concentric mov- 


Fig. 2—Right side view of Coast Guard 
transmitter with shielding removed 


able rings containing depressions for 
receiving detents. Clamping screws 
are furnished so the rings may be 
locked in any desired position. When 
the transmitter is first tuned, the set 
screws on the dial rings are released 
and detents on the underside of the 
pointer are dropped into the depres- 
sions on the dial rings by sweeping 
the dial with the pointer. The trans- 
mitter is then adjusted for the lowest 
crystal frequency and when the ad- 
justment is complete, the inside ring 
on each dial is locked. The selector 
switch is then set to the emergency 
position and the electric oscillator 
tuned until maximum antenna current 
is obtained; the inside ring of this 
tuning control is then locked. The 
same procedure is followed for each 
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of the five crystal frequencies. The 
settings of the detent systems on all 
controls will then be arranged in the 
same sequence and to adjust the trans- 
mitter to any of the crystal frequen- 
cies, it is merely necessary to slip the 
pointer of all controls to the corre- 
sponding detents without reference to 
the dial reading. It is obvious that 
very rapid changes in frequency may 
be made even by inexperienced per- 
sonnel. 

All indicating instruments and con- 
trols being available from the front 
panel, the equipment may be installed 
in inaccessible locations. A remote 
control start-stop position is furnished 
and, if for long periods only one type 
of transmission and one frequency are 
to be used, the transmitter may be 


removed any reasonable distance from 
the microphone handset, telegraph 
key and start-stop control. To pre- 
vent corrosion, non-ferrous metals are 
used wherever possible, and, except 
for such openings as are required for 
ventilation, the equipment is com- 
pletely enclosed. 

To date 110 of these transmitting 
equipments have been delivered to the 
U. S. Coast Guard and thirty-five ad- 
ditional equipments have been deliy- 
ered which are designed to operate 
from 110 volts d-c. These transmit- 
ters have exhibited excellent reliabil- 
ity and speech quality and have al- 
ready proved of great service in the 
many activities of vigilance and res- 
cue work carried on by the Coast 


Guard. 


Radio and Wire Communications 


“Wireless telegraphy, now that we understand it, is really the simplest 
kind of communication. We make a disturbance in the ether at one place, 
leave it to spread out in all directions, as it inevitably must, and as all radia- 
tion does, with the speed of light; and then, at any number of distant 
stations, we arrange a wire or a coil to pick wp these ether waves. 

“The acoustic analogy of wireless signalling may. be likened to shouting 
to a multitude of listeners at once. When we want to speak to a particular 
person at a distance, we employ a speaking-tube, the walls of which prevent 
the sound from spreading, and convey it to anyone who puts his ear to the 
far end of the tube. This kind of process can be applied to etheric signalling 
too. The plan is to lay a wire between sender and receiver; the wire will 
then react to the etheric waves somewhat like a speaking-tube acts with 
respect to sound waves. The theory of wired signalling is not so simple 
as that of etheric signalling. Historically it came first, but if it had come 
later it would have been regarded as an improvement, because it enables 
privacy to be obtained: it is not broadcast, but concentrated.” 

—From an address by Sir Oliver Lodge before the Institution of Electrical 

Engineers, published in the Journal for November, 1931. 
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A New Retardation Coil for Composite Sets 


By N. BOTSFORD 
Telephone Apparatus Development 


OR twenty years the 5-AA re- 

tardation coil, with its flattened 

dome cover, has remained as 
almost the only relic of an older tele- 
phone civilization. Since 1910 prac- 
tically every piece of apparatus em- 
ployed in long-distance telephony has 
undergone a redesign that changed 
not only its characteristics but its ap- 
pearance; the 5-AA coil alone, preco- 
cious in its early acquirements of re- 
fined characteristics, seemed to need 
no improvement. The advent of the 
vacuum tube repeater and the general 
use of the carrier placed more severe 
requirements on every element of the 
toll system, and during the last score 
of years a new generation of appa- 
ratus has come into existence educated 
to meet the more exacting demands 


of the day. Although not needing 
rehabilitation in its operating charac- 
teristics to any great degree, the old 
retardation coil has seemed to require 
some improvement in recent years— 
particularly a change of form to adapt 
it better to present layouts. A new 
coil, known as the 158-A, has been 
developed by the Laboratories as a 
result. The long familiar round form 
has been superseded by a rectangular 
outline which fits more compactly with 
other apparatus on the racks. 

A retardation coil, together with a 
group of condensers, make up a com- 
posite set—a circuit which enables 
both telegraph and telephone com- 
munication to be held over the same 
pair of conductors. A diagrammatic 
representation of such an arrange- 
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ment is shown is Figure 1. 
Practically all the direct-cur- 
rent telegraph facilities of the 


telephone circuits, and the 
composite set is the generally- 
used terminal equipment that, 
by acting as a combination of 
low- and high-pass filters, per- 
mits the separation of the 


TELEPHONE 
Bell System are derived from circuit No.1 


t 


TELEGRAPH 
CIRCUIT NO.I 
terecraPhH LINE 


CIRCUIT NO.2 = 


TELEPHONE 

telegraph currents from the 

higher frequency voice cur- | 

rents. Telegraph currents, -—- 

consisting in general of fre- 

quencies below 100 cycles, are + t 
blocked by the condensers but — 

readily pass through the re- 
tardation coil to the telegraph — TELEGRAPH 
apparatus. Voice currents, on 


the other hand, including fre- 


cles, are offered a high im- 
pedance by the retardation 
coils but easily pass through 
the condensers to the tele- 
phone equipment. 

If only a single telephone circuit 
were involved, unexposed to fields 
from other electrical circuits, the re- 
quirements placed on retardation coils 
would not be severe since exacting 
balance requirements could be waived. 
Two separate coils could be employed, 
shielded so that there would be no 
mutual inductance between them, and 


COMPOSITE SET 


CIRCUIT NO. 2 = CIRCUIT NO. 4 = 


quencies above about 200 cy- -—— 


Fig. 2—By phantoming, three telephone channels 

may be obtained from two pair of conductors. The 

arrangement shown is for an open-wire line and 
provides four telegraph channels as well 


thus no interference between the two 
telegraph channels. The only require- 
ments would then be that they, in 
conjunction with condensers, provide 
a satisfactory low-pass filter. Most 
of the lines used for both telephone 
and telegraph facilities, however, are 
phantomed. On two-wire circuits this 
gives three telephone channels and 

four grounded tele- 


graph channels for 

--- each two pairs of con- 

| 3 ! ductors as shown in 

Figure 2. Voice cur- 

EQUIPMENT LINE rents in the side cir- 

ae cuits pass over the two 

| pairs of conductors in 

--- the usual manner. For 


Fig. 1—A composite set acts as a low- and high-pass filter 
to separate the telegraph and voice frequencies 


the voice currents of 
the phantom circuit, 
however, each pair of 
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conductors forming one of the side 
circuits acts as a single conductor, and 
if there is to be no cross-talk between 
phantom and side circuits the phan- 
tom current must divide equally be- 
tween the two conductors of a pair. 
If there is not this equal division, 
unequal voltage drops, due to the 
phantom current will occur in the two 
conductors of a side circuit, and cross- 
talk will result. In addition, power 
lines or other electrical circuits induce 
voltages between the conductors of a 
telephone circuit and ground. If the 
resulting currents do not divide equal- 
ly between the conductors of the tele- 
phone circuit, undesired noise currents 
will exist at its terminals. 

The impedance to ground of each 
conductor of a line is affected by the 
impedance of the retardation coil. To 
obtain equal impedance to ground for 
each wire of a pair, and therefore 
electrical balance, the impedance of 
the two windings of the retardation 
coil must be alike. Thus the require- 
ments for a retardation coil, in addi- 
tion to those relative to its action as a 
filter, are that there be very low mu- 
tual inductance between the two wind- 
ings of the coil, so that there will be 
no appreciable interference between 
the two telegraph circuits, and that 
the impedance to ground of the wind- 
ings be alike so that there will not be 
excessive cross-talk or noise. Like- 
wise the telegraph branch coil of the 
composite set on one side of a phan- 
tom circuit must balance that used on 
the other side to prevent unbalancing 
the phantom circuit. Should this bal- 
ance not be attained excessive noise 
from induction currents would result, 
as explained above for the side cir- 
cuits. This balance must be main- 
tained under all conditions. 

These requirements seemed almost 


impossible of attainment. If each of 
the windings is placed on a separate 
core so as to have no interference be- 
tween the two telegraph channels, the 
impedance to ground of the two coils 
would not be alike at all times. Cur- 
rent flowing in one telegraph circuit 
and not in the other would result in 
different permeabilities in the two 


en 


Fig. 3—Retardation coils for composite 

sets have in the past beem toroidal in form 

with iron-wire cores and four windings: 
one on each quadrant of the core 


cores and thus in different impedances 
in the two sides of the line. If, on 
the other hand, the two coils were 
wound on the same core so as to have 
a common magnetic path and thus 
equal impedances, it would be difficult 
to avoid mutual inductance, and thus 
interference between the two tele- 
graph circuits. 

The problem was successfully solved 
in a design patented by E. H. Col- 
pitts. The construction of this 5-AA 
coil is shown in Figures 3 and 4. A 
core of iron wire is supplied with a 
winding on each quadrant, and those 
on diametrically opposite quadrants 
are connected to the same telegraph 
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channel. Over these windings is wound 
another annular core—also of iron 
wire. Considering, for the moment, 
one telegraph channel only—say cir- 
cuit 1 to 2—it will be noticed that 
since the windings oppose each other 


Fig. 4—Once a 5-AA coil was made, adjustment 
of the number of turns was practically impossible 


there will be no mutual flux: no flux, 
that is, that circulates around the en- 
tire core and thus links the turns of 
circuit 3 to 4 as well. The flux 
path, as indicated by the dotted lines, 
links each winding separately, passing 
through the inner quadrant, across 
the air gap to the outer, and through 
the corresponding outer quadrant. 
The other channel, passing through 
terminals 3 and 4, acts in a similar 
manner so that the two telegraph 
channels, although passing through 
windings wound on the same 
core, do not interfere with 
each other. 


in the core. This tends to make the 
cores quite stable, and results in keep. 
ing the impedance of the coils on the 
side circuits of a phantom group sub- 
stantially the same under normal cir- 
cuit conditions. Thus the requirements 
both for low cross-talk and 
noise, and for low interfer- 
ence between telegraph chan- 
nels were so ingeniously met 
by the 5-AA coil that for 
twenty years they have met 


'Za7, the requirements of the Bell 
Z| System. 
The size and shape ‘of the 


coil, however, are not suited 
to present equipment layouts 
and certain inherent dif_- 
culties are met in its manv- 
facture. The outer core, being 
wound directly on the windings, 
made adjustment of the number of 
turns in the winding of the completed 
coil practically impossible, so that 
rejections, which an adjustment of 
the turns would have made unneces- 
sary, were numerous. Largely to 


rectify this manufacturing difficulty 
and to obtain a coil more adaptable 
to present equipment assemblies, a 
new design has been developed. It 
employs a construction patented by 


E. L. Schwartz. 


The fact that the flux from 
both windings travels in one 
way or another in the same 
core causes the magnetization 


always to be practically the 
same for both windings so that 


the impedance to ground of 
each remains constant. 
effective air gap in the mag- 
netic path is relatively large, 
as is the amount of material 


The 


A B 


Fig. 5—Employing two separate cores, the new 
retardation coil meets the two chief requirements 
more satisfactorily than did the older coil 
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The four windings for this new re- 
tardation coil, instead of being placed 
on a single core as formerly, are wound 
on two separate cores as shown in 
Figure 5. Between the two windings 
on one core there is a mutual induc- 
tance, but the connections to one of 
the windings on one core are reversed 
so that the mutual inductance of one 
pair of windings opposes that of the 
other pair, and as a result there is 
substantially no mutual inductance, 


Fig. 6—Coils and condensers of the new 

type for four phantom groups are mounted 

together as a unit and several such units 
are mounted on a single bay 


and thus no interference between 
channels, for the retardation coil as 
a whole. A current flowing in coil 
1-2 would induce a certain potential 
in the turns of the 3-4 circuit on the 
A core and an equal and opposite 
potential in its turns on the B core. 


Fig. 7—Two forms of mounting were 
used for the older coils: on horizontal 
shelves and on vertical panels 


The net induced potential in 3-4 
would thus be zero. The require- 
ment of practically no mutual induc- 
tance between the two telegraph cir- 
cuits is thus satisfactorily met. 
Moreover, since the windings of 
both circuits are identical and have 
the same magnetic circuits, the im- 
pedance is always the same for both. 
The effect of telegraph current in cir- 
cuit 1-2, for example, is to change 
the inductance equally for circuits 1-2 
and 3-4 since the magnetic circuits are 
common to both. As a result the in- 
ductance of the two coils remains alike 
under all conditions. The inductances 
need be balanced only once before the 
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coil leaves the factory and hencefor- 
ward they will remain balanced under 
all operating conditions. The require- 
ment of equal inductance is thus more 
satisfactorily met than it was for the 
earlier coils where the magnetic path 
although to a large extent common 
to both, was not entirely so. Due to 
the use of 45 per cent permalloy and 
relatively large air gaps in the mag- 
netic circuit of these coils, they are 
very stable—more so in fact than the 
replaced coils. As previously stated 
this is of great importance in main- 
taining the balance of the phantom 
circuit. 

These new coils thus have some- 
what better electrical characteristics 
in addition to being much easier to 
construct. The wound wire core is 
eliminated and changes or adjust- 
ments in the coils are more readily 
made with the new type of construc- 
tion than with the older, where a sec- 
ond core was wound over the wind- 
ing. The new cores are of permalloy 
and are thus much smaller and re- 
quire less central-office space than the 
older ones. The type of construction 
and appearance of the coil is shown 


in the picture heading this article. 

This new development has resulted 
in a retardation coil for composite 
sets which weighs only half as much 
as the former coil, occupies less than 
half as much space, and at the same 
time is the electrical equivalent of and 
in some respects electrically superior 
to the old coil. Its type of construc- 
tion is more suitable to modern man- 
ufacturing methods, thus giving ap- 
preciable economies in its production. 

The new construction also lends it- 
self toa more convenient arrangement 
of the equipment on the relay racks, 
which permits the wiring to be consid- 
erably simplified. The front appear- 
ance of a group of the new coils, with 
their associated condensers above, is 
shown in Figure 6. This may be com- 
pared with the arrangement of the 
older coils and condensers shown in 
Figure 7. The new design has re- 


sulted in circuit improvements from 
the standpoints of noise and cross- 
talk, and although undertaken pri- 
marily to obtain a reduction of size, 
has like so many development proj- 
ects, yielded collateral savings in the 
cost of apparatus. 
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Power-Driven Maintenance Tools 


By W. T. PRITCHARD 
Telephone Apparatus Development 


ber of moving contacts require 

occasional cleaning to maintain 
them in first-class condition. Hand 
cleaning methods have been used large- 
ly in the past, but to meet more thor- 
oughly and expeditiously the needs of 
a constantly growing system, power- 
driven cleaning tools seemed desira- 
ble. One of the larger classes of con- 
tacts requiring cleaning are the cams 
of sequence switches, already described 
in the REcorD,* and to maintain them 
in good condition power-driven equip- 
ment has recently been developed by 
the Laboratories. 

Three elements are desirable for a 
complete cleaning outfit: a brush or 
grinding wheel to perform the actual 
cleaning, a vacuum cleaner connection 


*BeLL LABorATORIES RecorD, Dec., 1931, p. 119. 


| N dial central offices the large num- 


for removing the dislodged matter, 
and illumination to enable the surface 
to be watched during the cleaning 
process. These are all incorporated in 
the light and compact tool designed 
for sequence switches shown in Fig- 
ure 1. The method of use is shown 
in the photograph at the head of the 
article. 

The cleaning element consists of 
two galvanized iron wires twisted to- 
gether so as to grip a layer of hog 
bristles. It is a little larger than a 
lead pencil in diameter and the bris- 
tle section is about 134 inches long. 
One end is slightly flattened and is 
inserted in the driving chuck of the 
tool, and the other rests in a bearing 
of hardened steel mounted in a vul- 
canized-fibre bearing post. To allow 
the brush to be readily removed or 


{215} 


| 


Fig. 1—The new cleaning tool incorpo- 

rates a power-driven brush, a vacuum 

cleaner connection, and an electric lamp 
in a cast aluminum housing 


inserted, the drive spindle is fitted 
with a spring and pin at the bottom 
of the drilled hole which can be pushed 
back by the brush shaft as shown in 
Figure 2. As a further assistance in 
replacing a brush the outer bearing is 
latched in place and may be tipped 
back. 

The hardened steel sleeve 
of the bearing is not fastened 
in the fibre bearing support 
but is free to turn and grease 
is supplied around the peri- 
phery for lubrication. The 
steel sleeve turning in the 
greased fibre housing makes a 
better bearing than the wires 
turning in the steel sleeve, and 
in ordinary use it is expected 
to be acting a large part of 
the time. This arrangement 
was provided both because of 
the good bearing qualities of 
the fibre, and because the iron 
wires of the brush may become 


bent or expanded and stick in the 
steel sleeve, which would cause trou- 
ble if the sleeve itself were not free 
to move. 

Two intakes are provided for the 
air suction; one above and the other 
below the brush. The upper orifice 
has a fibre extension designed to fit 
between two cams of the sequence 
switch. It is held in place by one screw 
and may be readily replaced. The 
lower one is built in the form of a 
tray, forming the lower part of the 
cleaning tool, and projects under the 
cams to catch the heavier particles. 
The outer end of it supports the outer 
bearing for the brush. 

So that the cleaning operation may 
be watched, a small automobile lamp 
is mounted on one side of the upper 
part of the aluminum casting that 
houses the cleaning tool. The cord 
connection to it and the position of 
the tool while cleaning are shown in 
Figure 3. The aluminum housing 
around the lamp is shaped to form a 
reflector that directs the light on to 
the working surface. 

Three connections are made to the 


Fig. 2—Insertion or removal of the brush is sim- 
plified by a movable outer bearing and a push 


spring socket in the chuck 
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cleaning tool. One is 
a flexible suction hose 
which may be connect- 
ed to any of the 
vacuum cleaner equip- 
ments with which panel 
central offices are al- 
ways equipped. An- 
other is a flexible cord 
for the lamp which may 
be connected to the 
central office battery at 
the connecting block on 
the switch frames. The 
third is the flexible 
drive for the shaft. 
This is a commercial 
drive built up of layers 
of music wire wound 
in opposite directions 
to form a hollow 
cylinder about a quarter inch in diam- 
eter. The containing casing is of flat 
steel spring with a zinc plated outer 
covering. It is made oil tight with 
rubber reenforcement. At each end 
are swivel couplings. One of these 
couplings fastens to the cleaning tool 


Fig. 3—A flexible cord for the lamp, the drive shaft, and 
the suction connection serve as a handle where they fasten 
to the cleaning tool. A cord terminating in a switch for 
controlling the motor is run along with the three connections 


Fig. 4—A small grinding wheel permits burnt spots to be 
readily removed from the cams 


and the other to the driving motor. 

The latter is a specially designed 
lg horse power motor running at 
3,400 r.p.m., and wound for 110 volts 
either a-c or d-c as desired. A port- 
able stand has been designed to carry 
it. A pivoted mounting is provided 
which allows the motor 
to tilt up or down, or 
to swing around in a 
horizontal plane. A 
bracket has also been 
designed, as an altern- 
ative arrangement, for 
fastening the motor to 
the under side of a 
rolling ladder. The 
bracket carries the piv- 
oted motor yoke so 
that the motor is as 
free to move with one 
mounting as with the 
other. This mounting 
equipment is evident in 
the photograph at the 
head of this article, 
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which also shows a shoulder strap 
that allows the operator to carry the 
weight of the cleaning tool and the 
near end of the connections from his 
shoulders, thus making the control of 
the tool easier. 

Another tool that has been devel- 
oped for maintaining sequence switch- 
es is a small grinder that may be fast- 
ened to the end of the drive shaft in 
place of the cleaning tool. It consists 
of a ball bearing chuck and the grind- 
ing tool proper, and its use is shown 
in Figure 4. The overheating com- 
monly found with this type of appa- 
ratus was overcome by the use of ball 
bearings, but even with this obstacle 
surmounted there remained the diff- 
cult design problem of securing a 
grinding stone that would not ‘“‘fill 
up” with the material ground off, and 
thus make further grinding impos- 
sible. Also the ordinary method of 
mounting the wheels would not with- 
stand the rigorous treatment involved 
in the grinding operation. 


The latter difficulty was overcome 
by the combination of a special ce- 
ment which expanded while setting 
and a fluted steel mandril on which 
the wheel was mounted. Difficul 
with “filling up” was made negligible 
by a method of cleaning with an oiled 
pad which eliminated the necessity of 
stopping the machine for the purpose. 
The tool is used for removing car- 
bonized spots or pits from the contact 
paths of the cams. 

These new tools make the cleaning 
of sequence switches a much easier and 
quicker operation. The light weight 
of the equipment and the effectiveness 
of the cleaning and grinding tools 
make it possible for a single operator 
to clean a large number of switches 
with a minimum effort. It is expected 
that the use of the new equipment will 
greatly reduce the amount of cam re- 
placement due to pitting. The employ- 
ment of additional power-driven clean- 
ing equipment !s now being considered 
for apparatus in all types of offices. 
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Busy Indications in the Manual System 


By O. H. WILLIFORD 


Local Systems 


N any telephone system a connec- 
tion once established between two 
subscribers must be protected 

from interference by other subscribers 
who may be attempting to obtain a con- 
nection to lines already in use. This 
was a simple matter in the very early 
forms of manual boards because each 
line was connected to only one jack. 
Should an operator attempt to make 
a connection to a line in use, there- 
fore, she would at once see that a plug 
was already inserted in the jack of 
the desired line, and would inform 


Development 


the calling subscriber that the line was 
busy. With the growth of the system, 
however, and the necessary develop- 
ment of the multiple board, incor- 
porating a large number of jacks all 
connected to the same line, this posi- 
tive busy signal no longer existed. 
Other methods had to be developed 
to indicate when a line was in use. 
The first busy indicating system for 
multiple switchboards was built for a 
Chicago office about 1880. It took 
the form of a target board, separate 
from the main board, but within sight 
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of all the operators, on which the 
lines that were busy could be indi- 
cated. Hooks were provided for each 
line and an attendant placed targets 
on them when the operators completed 
a connection, and took them off when 
disconnection was made. The arrange- 
ment had many rather obvious dis- 
advantages, not the least of which 
was a more or less inherent delay in 
placing the targets. Since the line 
would be considered busy only when 
a target was on the hook, there could 
be short intervals between the actual 
making of a connection and the hang- 
ing of a target, when other operators 


Fig. 1—Three connections are provided 

by the manual plug which, because of 

their locations, are known as the tip, ring, 
and sleeve 


might complete a connection to a busy 
line. 

An improvement over the target 
board was the Scribner pneumatic sig- 
nal: a method of automatically set- 
ting a busy signal similar to that of 
the target board and of releasing it 
when disconnection took place. For 
large offices the signal was displayed 
in several places so as to be easily 
visible to all the operators. The pneu- 
matic signals were actuated by elec- 
trically controlled valves which oper- 
ated whenever a plug was inserted in 
a jack. This was the forerunner of 
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Fig. 2—Jacks are manufactured in strips 
of twenty and provide contacts for the tip, 
ring and sleeve of the plugs 


the more modern systems which pro- 
vide an indication, available to all the 
operators at the board, whenever a 
plug is inserted in any jack of a line 
er trunk. 

In general, lines to subscribers, and 
trunks outgoing to other central of- 
fices consist of only two conductors 
in the outside plant but within the cen- 
tral office another conductor is added 
which is used for various switching 
and signaling purposes, one of which 
is to provide a busy indication in casé 
the line or trunk to which a connec- 
tion is to be completed is already in 
use. The construction and appearance 
of the plug used in completing con- 
nections is shown in Figure 1. One of 
the three conductors is connected to 
the metal tip of the plug, one to the 
outer sleeve that forms the main bear- 
ing surface, and one to an inner sleeve 
which appears, on the outside of the 
plug, only as a ring insulated from 
both the tip and outer sleeve. In ad- 
dition there is a narrow metal ring 
between the tip and the ring formed 
by the inner sleeve, which is insulated 
from both and serves as a spacing 
strip only, having no electrical con- 
nection to any of the wires of the cir- 
cuit. These parts of the plug have 
been employed as designations of the 
three wires of the intra-office circuit 
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’ which are thus known as the tip, ring, 
and sleeve conductors. The tip and 
ring are the conductors that carry the 
telephone conversation and the sleeve 
is this third wire used for signaling 
purposes within the central office. 

The jacks into which the plugs are 
inserted have three corresponding con- 
nections which are similarly named. 
They are manufactured in strips of 
ten and twenty and their appearance 
and construction is shown in Figure 2. 
The sleeve of the jack is flush with 
the front of the strip while the tip and 
ring are necessarily farther within. 

Audible busy signals, which are the 
most commonly used form in the pres- 
ent manual system, are clicks or tones 
heard by the operator as she touches 
the tip of the plug 


boards the operator’s cords terminate 
in plugs at each end, and one plug is 
inserted in the jack of the subscriber’s 
line that is placing a call and the other 
in that of a trunk leading to the office 
called. Before plugging into the trunk, 
however, the operator tests it for a 
busy determination by touching the 
tip of the plug to the sleeve of the 
jack. 

-To each trunk a number of jacks 
are connected which appear at regu- 
lar intervals along the board so as 
to be accessible to all the operators. 
In Figure 3 a particular trunk (T-2) 
is shown in use, a connection having 
been made to it by the plug of cord 
circuit C-1 at some one position of 


the board. With the plug of C-1 in- 


with which she is about | CORD CIRCUIT | CIRCUIT 

to complete a connec- | APPEARANCE 

tion to the sleeve of 
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ments by which clicks position 


are produced vary 
with the type of 
switchboard. For the 
ordinary subscriber’s 
“A” board the ar- 
rangement is shown in 
Figure 3. At these 


OPERATOR’S 
RECEIVER 
R 


Fig. 3—Simplified schematic arrangement of circuit by 
which busy signals are produced at a subscriber's board 
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serted ina jack, current flows through 
the sleeve conductor from battery on 
the (FS) lamp in the cord circuit, 
through the sleeve of the cord and 
trunk circuit, and through a resist- 
ance (r) to ground. This makes the 


BO 


charges and in doing so induces a click 
in her receiver. She will take this as 
an indication that that trunk is busy 
and proceed to test the next trunk to 

the same office. 
Should the A board have been one 
at which calls to other 


| subscribers are com- 
TO INCOMING 8 pleted directly in the 
REPEATING 
PEATIN | same as 
INDUCTION REPEATING | escribed aDOve, cx 
Col. Con. | cept that the resistance 
(r) would have been 
| | by cut-off 
| relay. In either case, 
= w : 
+ aa if no busy click is 
OPERATOR'S iy 38 heard when a jack is 
_TO*B” OPERATOR'S TALKING CON- 
NECTION WITH INCOMING TRUNKS ze tested, the operator 
MULTIPLE TO SIMILAR CONTACTS | e< completes the connec- 
OF SLEEVE RELAYS OF ALL ODD __ ff 
PAIRS OF TRUNKS SERVED BY | ' tion by inserting the 
| plug, which immediate- 
aE: ly makes that line or 
END OF =*" trunk busy by putting 


INTER-OF FICE 
TRUNK 


TIP OF TRUNK 
CIRCUIT CORD 
USED FOR 
TESTING 


ED 
suascriseR Negative potential on 


d the sleeve conductor. 
At “B” or trunk- 


Fig. 4—Simplified schematic arrangement of circuit for completing boards con- 


producing busy signals at trunk boards 


sleeves of all multiple jacks of this 
trunk circuit negative in potential. 
Central office battery potential is 
connected across the tip and ring con- 
ductors at the repeating coil of the 
cord circuits as shown at C-2. When 
the operator closes her listening key, 
the tip and ring conductors of the 
cord are connected to her headset, 
and a condenser (c) in the circuit is 
charged to full battery voltage with 
the tip side at ground potential. When 
the tip of this plug is touched to the 
sleeve of the busy trunk, which as has 
already been noted is negative in po- 
tential, the condenser partially dis- 


ditions are different and 
require a somewhat 
modified arrangement. The cords at 
these boards have plugs only at the 
completing end; the other end is di- 
rectly connected to an incoming trunk. 
For some forms of service, also, the 
talking circuit of the cords is not con- 
nected to the operator’s headset, and 
for other forms the talking connection 
to the operator’s circuit may be discon- 
nected before the lines are tested for 
the busy condition. The sleeve con- 
ductor of the line is made busy by 
the application of a negative poten- 
tial as at subscriber’s boards, but an 
additional link must be provided be- 
tween the operator’s headset and the 
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trunk cords for test purposes. This 
is accomplished in all types of “B” 
boards by connecting the tip of the 
plug to a transfer spring of a sleeve 
relay, which forms part of the cord 
circuit. The arrangement is shown 
in Figure 4. When the plug is in- 
serted, the sleeve relay operates and 
moves this transfer spring to a front 
contact which connects it to the tip 
conductor of the incoming trunk. 
While the plug is not inserted the 
sleeve relay remains unoperated and 
the transfer spring rests against a 
back contact which is connected to one 
side of the operator’s telephone cir- 
cuit. Under these 

conditions, the oper- ciRcuiT | 

ator will receive a 

click whenever the tip | 

is touched to the sleeve | 

of a busy line. The 
click produced is simi- MuTiPLE 


APPEARANCES | 
lar in nature to that  THISLIne 


| 
TO OTHER ANSWERING 


er. This grouping arrangement per- 
mits the balancing out of currents 
which otherwise might be picked up 
by the system of multiple tip leads 
and cause noise in the operator’s 
circuit. 

The net work of resistance (HR) 
and capacity (C), shown in Figure 4, 
are provided to maintain a “high re- 
sistance” tip lead for trunk cords 
after the operator releases them upon 
disconnection. In some “B” boards 
this high resistance tip is not neces- 
sary, and in these cases this network 
is omitted. The busy test click is 
then created in the operator’s receiver 


UNIVERSAL TRUNK CIRCUIT 
CORD CIRCUIT BUSY T-2 
APPEARANCE | OR LINE CIRCUIT 
C-1 © y—o 


REPEATING CALLING 


given at the “A” 


it 
. ANSWERING 
board, but it is caused 


JACK 


coIL CORD 


THRU MULTIPLE 
APPEARANCES 


by partially charging a 
condenser (C) in the 
operator’s telephone | 
circuit rather than by — 
discharging it. The > | 
resistance (HR) dis- | 
sipates this charge | 
when the test is com- | 
pleted, in preparation  jote :: 
for the next test. 
The back contacts  Associateo 


of the sleeve relays of OPERATOR'S 
TRANSMITTER 


THESE MAY BE HIGH OR 
LOW RESISTANCE DEPENDING 
ON TYPE OF LINE OR TRUNK 


TRUNK TO 
OTHER 
OFFICE, 

COMMON 
BATTERY 
OR RURAL 

LINE CIRCUIT 


It 
LISTENING 
KEY 


INDUCTION 


MULTIPLE TO 
OTHER CORD 
CIRCUIT KEYS 
+—--- IN THE 


all trunks handled by POSITION 
one operator are di- 7 
vided into two groups: g 


one consisting of those 
of the odd numbered 
trunks and the other 


R 
BT 
= BT T 
TEST REPEATING 
COIL 


of the even. The back f ig. 5—Simplified schematic arrangement of universal 
contacts of each group cord circuit where testing is done by the “Busy Test Relay” 


are multipled togeth- 


method 
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by a direct current being set up in 
the (BT) repeat coil from the poten- 
tial of the busy jack under test. 

There are some “A” switchboards 
where the busy testing arrangement 
shown in Figure 3 can not be used 
because the cord circuits employ mar- 
ginal sleeve relays to determine the 
type of line or trunk to which the 
operator connects them. ‘These are 
called universal cord circuits and, in 
general, are of three different classes: 
first, those which serve both toll lines 
and trunks to local offices; second, 
those which serve magneto and com- 
mon battery subscribers’ lines; and 
third, the operator’s cords of dial- 
system “A” boards which connect to 
trunks to both dial and manual offices. 
The testing circuit of the local cords 
shown in Figure 3 has such a low re- 
sistance to ground in the tip lead that 
marginal relays in the universal cords 
would be falsely operated when the 
busy test was made. 

Some of the universal positions em- 
ploy a high resistance busy test very 
similar to that described for the “B”’ 
boards above. The (HR) resistance 
is sufficiently high not to disturb the 
marginal relays. In other universal 
‘““A” boards, a high resistance relay 
arrangement is employed as shown 
in Figure 5. Here, the resistance of 
the (BT) relay is sufficiently high not 
to disturb marginal sleeve relays. 
However, this relay will operate to 
the busy sleeve potential and by clos- 
ing its contacts closes a path from the 
(BT) repeat coil to battery through 
the (T) retard coil. This causes a 
surge in the operator’s receiver, 
which results in her receiving the busy 
test click. The condenser (T) is em- 
ployed to permit the passage of ‘‘Out- 
of-Service” and other tones to the 
operator through the testing circuit. 


Tones are used as busy indications 
at times where there are large groups 
of trunks running to the same office. 
Such large groups of trunks are di- 
vided into subgroups and when all the 
trunks in any one subgroup are busy 
a tone will be superimposed on the 
sleeve lead of the first jack of the 
subgroup. An operator, by testing 
the first jack of each subgroup, will 
know that all the trunks of the sub- 
group are busy if she hears the tone 
superimposed on the click and may 
proceed to the next subgroup without 
further testing within that subgroup. 
If she hears only a click on testing 
the first jack of a subgroup, she will 
then test within that subgroup until 
an idle trunk is found. 

In addition to these audible busy 
signals there are two types of visual 
busy signals. One is a white shutter 
directly above the jack which may be 
seen in the headpiece opposite the des- 
ignation TO on the lower part of the 
left-hand stile strip. These signals 
are magnetically operated and show 
white over busy jacks and black over 
idle ones. A similar method is a small 
electric lamp that illuminates a cir- 
cular translucent spot behind the des- 
ignation strip above the jacks. These 
visual signals require a continuous 
current drain but they require no ef- 
fort on the part of the operator and 
so are conducive to fast operating. 
They are used principally for toll 
lines and large groups of trunks, and 
on PBX boards where their cost is 
justified by the large saving in operat- 
ing effort. This latter method has al- 
ready been described in the RECoRD.* 

In the present manual plant of the 
Bell System there are thus two types 
of busy signals, both of which repre- 


*Be_L LAporATorigs Record, February, 1930, 
p. 267. 
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sent an enormous advance over the method. For large groups of trunks 
crude targets of the early days. For and toll lines, the visual signal pro- 
subscribers’ lines and small trunk vides an automatic indication that re- 
groups the audible signal will prob- quires no effort on the operator’s part 
ably continue to be employed, as it is and thus allows her to devote her 
a highly satisfactory and inexpensive entire time to completing calls. 


(Common Sense and the (ommon (old 


A few fortunate people never have colds, some people have as many as six 
colds a year, while the large majority of us average at least one cold an- 
nually. Colds cause more discomfort and loss of time and money among 
office and factory workers than any other disease. 

The so-called Common Cold is caused by a virus or parasite that is 
spread from one person to another. Although this parasite is still unknown, 
it acts apparently by “pepping up” or making more poisonous the ordinary 
bacteria that exist in the nose and throat, thus giving rise to inflammation of 
the membranes of the upper respiratory tract. 

While colds may be the direct or indirect result of such an infectious 
or “catching” organism, the resistance of the individual is of prime import- 
ance, as in most other diseases of this nature. While the resistance of the 
average individual against a cold is not high, all of us may do certain things 
that will tend to increase our chances for avoiding this troublesome malady. 

The chief thing you can do to help prevent a cold is to develop good 
health habits. Remember that as yet there is no substance—solid, liquid, 
vapor or gas—that may honestly be called a “cold cure, in spite of the | 
fact that some of these may give temporary relief. Favorite home remedies ! 
chiefly are of value for the other members of the family rather than for the | 
one who is ill. Temporary relief and comfort for the patient naturally 
makes others happy and contented. 

Vaccines apparently are of value in upwards of half the cases in which 
they are given, particularly in preventing the chronic complications of a 
cold. They may be worth a trial by those who suffer from repeated colds. 

The cold fact about the common cold is that at the present time there 
is no drug store or medicine cabinet “magic”? that will prevent or cure it. 
Common sense, which is only another way of saying Good Health Habits, 
ts the best preventive and the best treatment of the Common Cold. This 
prescription of Common Sense should be taken in large doses day and night, 
especially from November to May! 

—Leverett D. Bristol, M.D., Dr. P.H., Health Director, American Tele- 
phone and Telegraph Company, New York City. 
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